(erm Goodhean-Willcox Publisher 


Digitized by the Internet Archive 
in 2022 with funding from 
Kahle/Austin Foundation 


https://archive.org/details/housevviringsimpl0000mixf m4z0 


13th Edition Floyd M. Mix 


““ (ə 

W. NEA 
| ı 
BA 


3 1336 09650 3389 


geç 


Publisher 
The Goodheart-VVilicox Company, İnc. 
Tinley Park, Illinois 
VVVVVV.Q-VV.COom 


2 House Wiring Simplified 


_— 8 0 0 ——— — — —  CL:OICGQəO———N 


Copyright @ 2015 
by 
The Goodheart-VVilicox Company, Inc. 


Previous editions copyright 2011, 2008, 2005, 2002, 1999, 1996, 
1991, 1989, 1984, 1981, 1977, 1973 


All rights reserved. No part of this work may be reproduced, stored, 

or transmitted in any form or by any electronic or mechanical means, 

including information storage and retrieval systems, vvithout the prior 
written permission of The Goodheart-VVilicox Company, Inc. 


Manufactured in the United States of America. 
Library of Congress Catalog Card Number 2013050558 
ISBN 978-1-61960-862-7 
1234567 899-15-19 18 17 16 15 14 


The Goodheart-VVilicox Company, Inc. Brand Disclaimer: Brand names, company names, and 
illustrations for products and services included in this text are provided for educational purposes only and do 
not represent or imply endorsement or recommendation by the author or the publisher. 


The Goodheart-VVillcox Company, Inc. Safety Notice: The reader is expressly advised to carefully read, 
understand, and apply all safety precautions and vvarnings described in this book or that might also be 
indicated in undertaking the activities and exercises described herein to minimize risk of personal iniury 

or iniury to others. Common sense and good judgment should also be exercised and applied to help 

avoid all potential hazards. The reader should always refer to the appropriate manufacturer's technical 
İnformation, directions, and recommendations; then proceed with care to follow specific equipment operating 
instructions. The reader should understand these notices and cautions are not exhaustive. 


The publisher makes no warranty or representation whatsoever, either expressed or implied, including 

but not limited to equipment, procedures, and applications described or referred to herein, their quality, 
performance, merchantability, or fitness for a particular purpose. The publisher assumes no responsibility for 
any changes, errors, or omissions in this book. The publisher specifically disclaims any liability whatsoever, 
including any direct, indirect, incidental, consequential, special, or exemplary damages resulting, in whole or 
in part, from the reader's use or reliance upon the information, instructions, procedures, warnings, cautions, 
applications, or other matter contained in this book. The publisher assumes no responsibility for the activities 
of the reader. 


The Goodheart-Willcox Company, Inc. Internet Disclaimer: The Internet resources and listings in 

this Goodheart-Willcox Publisher product are provided solely as a convenience to you. These resources 
and listings were reviewed at the time of publication to provide you with accurate, safe, and appropriate 
information. Goodheart-Willcox Publisher has no control over the referenced websites and, due to the 
dynamic nature of the Internet, is not responsible or liable for the content, products, or performance of links 
to other websites or resources. Goodheart-Willcox Publisher makes no representation, either expressed or 
implied, regarding the content of these websites, and such references do not constitute an endorsement 

or recommendation of the information or content presented. İt is your responsibility to take all protective 
measures to guard against inappropriate content, viruses, or other destructive elements. 


Library of Congress Cataloging-in-Publication Data 


Mix, Floyd M. 
House vviring simplified : based on the 2014 NEC 
/ Floyd M. Mix. -- 13th [edition]. 
p. cm. 
Includes index. 
ISBN 978-1-61960-862-7 
1. Electric wiring, Interior--Amateurs' manuals. 
2. Dwellings--Maintenance and repair-- 
Amateurs' manuals. 1. Title. 


TK3285.H65 2014 
621.319'24--dc23 2013050358 


Introduction 


House Wiring Simplified teaches the fundamentals of basic, safe 
house wiring procedures. 

It shows, in easy-to-understand drawings, how to install wiring 
that will serve safeli and effectively, the lighting, appliance, and equip- 
ment needs of today, as well as tomorrow. It covers both new homes 
and older homes. 

House Wiring Simplified tells how to determine what vviring is 
needed, what equipment and what materials to use. Because National 
Electrical Code requirements vary, users are cautioned to check local 
codes. For example, this text shows installation of EMT (thinwall 
conduit) in its installation illustrations. Local variation may allow use 
of armored cable (BX) or nonmetallic flexible cable. 

Review questions have been included in this book for these reasons: 

Pl They will help you determine which material you have 

learned and which material you should restudy. 

Ki They summarize for you many important items with which 

you should become familiar. 

You can see if your answers are correct, by referring to the 
answers in the back of the book. Be fair with yourself. Answer the 
questions (on a separate sheet of paper) before you refer to the correct 
answers. 

House Wiring Simplified is intended for students in high school, 
vocational school, college, apprentice training, and adult classes. It 
will also enable the homeowner to handle many residential vviring 
jobs he or she was reluctant to tackle before. 


Floyd M. Mix 
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Safety Rules 


Only by learning and faithfully following certain safety rules 
can the electrician hope to avoid accidents and injury. The basic 
rules are: 

. Remain alert. Think before acting. 

. Avoid quick movements. Work carefully and deliberately. 
Plan each step of your work. 

. Avoid live work unless absolutely necessary. Disconnect 
circuit at its main source, if possible. 

. Make certain a circuit is de-energized. Test it na a test light 
before beginning work on it. 

. Use tools correctly and for their intended purpose. Use only 
tools with insulated handles when working on live circuits. 
Keep tools in good working order. 

. Remove Jewelry, rings, watches, and other metal objects or 
apparel from the body before beginning work. 

. Make sure all electrical equipment is properly grounded. 

. Keep work areas dry and free of debris. If necessary, clear the 
area of loose material or hanging objects. Cover wet floors with 
wooden planking. Wear rubber boots or rubber soled shoes. 

. Wear gloves when possible. 

(0. Place a rubber barrier or other nonconductive shield aroun 
exposed conductors or equipment near the vvork area. 

. Lift objects carefully. Use the leg muscles. Keep back straight 
vvhile lifting. ... 

. Wear clothing that is neither floppy nor too tight. Loose 
clothing will catch on corners and rough surfaces causing 
unsafe motion. Clothing that binds is uncomfortable and 
may be just as unsafe as clothing that is too loose. 

. Wear safety glasses when using striking tools. 
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Unit 1 
Electrical Terms 


In house wiring, we make frequent reference to the terms volfs, 
amperes, “atis. 

İt is easy to understand these terms if vve compare the flovv of 
electricity through a vvire to the flovv of vvater through a pipe. See 
Figure 1-1. 


Figure 1-1. Electricity flovvs through vvire much like the vvay vvater flovvs 
through pipe. 


Voltage 


VVater pressure in a pipe can be compared to electrical pressure in 
a conductor. VVater pressure is measured by pounds per square inch. 
Electric pressure, or ooltage, is measured in volts (V). 


Current 


In measuring the amount of vvater passing through a pipe, the 
term gallons is used. In electricity, the number of electrons flovving, 
the current, is measured. The unit of measurement for current is 
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amperes (A). Various parts of a vviring system—circuit breakers, 
switches, receptacles, etc.—are rated in amperes. The rating of the 
components in amperes indicates the greatest amount of current vvith 
which they should be used. 


Resistance 

Resistance can be described as electrical friction or the tendency 
of a conductor (vvire) to keep the electric current from passing 
through it. Electrical energy lost is given off as heat. Conductors such 
as copper, silver, and aluminum, offer very little resistance to the flovv 
of electric current. Examples of poor conductors (insulators) are 
glass, vvood, and paper. The unit measure of resistance is the 
ohm (2). VVe speak of ohms of resistance in electricity like vve speak 
of pounds of pull required to break a certain fishing line. 


Ohm:s Law 


Using a formula known as Ohm's lav, voltage, current, or 
resistance can be calculated if the other tvvo factors are knovvn. The 
formulas for Ohm:s law are as follows: 

Voltage — Current x Resistance 
Current — Voltage -- Resistance 
Resistance = Voltage + Current 


Povver 


The uvatt (W) is the unit of measurement pozuger. İt tells us how 
much electricity is being used. VVatts consumed are determined by 
using the follovving formula. 

Power  Voltage x Current 
or 
VVatts — Volts x Amperes 

One kilovvatt is equal to 1000 vvatts. One kilovratt hour (kVVh) is 
equal to 1000 vvatts used for one hour. The kilozvatf hour is the unit by 
vvhich electricity is metered (sold). 


Circuit 
İn an electrical circuit, a vvire or path is provided for electricity to 
flovv from the povver source (such as a generator or distribution box) 


to the final use (such as an electric light or appliance) and back. See 
Figure 1-2. 
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Conductor 
provides path 
for electrical 
flow 


Power 
source 


Figure 1-2. A simple electrical circuit. Arrows show the electrical path. 


Switch 


A suitch is a device for controlling the flow of current in an electric 
circuit by opening and closing the circuit, Figure 1-3. With the switch in 
the open position, there is no electrical connection between the terminals. 


Figure 1-3. Knife type switch (for low voltage only) in open position. The 
open circuit means that no electricity will flow. 


Direct Current 


Direct current (dc) flows only in one direction. Batteries (such as 
storage and dry cell) are important sources of direct current. One 
terminal of a battery is always positive (+) and the other is always 
negative (—). 
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Alternating Current 


In alternating current (ac), the voltage flows first in one direction, 
then the other. Each two reversals of the direction of the current is 
called a cycle. The number of cycles per second is called the freguencu. 
The unit measure of frequency is hertz (Hz). There is a very short 
interval of time between changes of direction when no current is 
flovving. 

Most house vviring in the United States is 60 eycle (or 60 hertz). 
You may vvonder vvhy an electric light operated by current vvhich 
changes direction of flovv 60 times per second does not flicker. This is 
because the filament in the lightbulb does not have time to cool vvhile 
there is no current flovving. 


Revievv Questions 

Ansever the folloving questions using the information provided in this 
chapter.. 

Matching quiz. Match the terms in the colunun at the left vvith the 
proper definition on the right: 


a. Alternating current. 1x8 Unit of measurement of elec- 
—b. Amperes. ” trical pressure. 
c. Direct current. 2.” Unit of measurement of elec- 
A. Kilovvatt hour. trical current. 
e. Ohms. ” SL Unit of measurement of how 
“f. Resistance. ` - 7) muchelectricity a device uses. 
g Switch. 4: 7 Unit by vvhich electricity is 
h. Volts. . metered. 
L VVatts. 5.. € Unit of measurement of elec- 
A trical resistance. 
64 Tendeney of conductor to keep 
electric current from passing 
through it. 


7.-€1 Device for controlling current 
by opening or closing circuit. 

8. — Current flovving in one direc- 

tion only. 

Current flovving first in one 

direction, then in the other. 


= o” 


e) 
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Conductors 


İn house vviring, electrical conductors provide paths for the flovv 
of electric current. These paths are vvires over vvhich an insulating 
material is formed. Insulation is a noncurrent-carrying material that 
ensures the current flovv vvill be through the vvire. 


VVire Size and Color 


The dravving, Figure 2-1, shovvs the actual size of conductors, 
without insulation. Note that as the numbers become larger, the size of 
the vvire decreases. For most house vviring jobs, copper wire numbers 
12 and 14 are specified by the building plans. Numbers 6 and 8 vvires, 
which are available either as solid wire or stranded vvire, are used for 
heavy power circuits, and as service entrance leads into buildings. 


HMM 


vvire 
gage 


Figure 2-1. Copper conductor sizes are listed by gage number. The vvire 
gets smaller as the gage numbers get larger. 


Figure 2-2 shovvs the current-carrying capacities of conductors of 
various sizes. In house vviring, considerable use is made of single 
vvire conductors, Figure 2-3. 

For many installations, the use of individual vvires spaced and 
supported side-by-side vvould be inefficient and impractical. Instead, 
conductor cables consisting of insulated vvires arranged in pairs or 
groups of three or more are used. The manufacturer forms or vvinds 
additional insulating or protective material around the insulated vvires. 
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In a 2-wire cable, one vvire is black and one vvire is white. In a 
3-wire cable the extra wire is red. The white wire is a neutral wire. 
The colored wires, with the exception of green wires, are “hot” wires. 
The green, or ground, wire will be discussed later. Under certain 
conditions, grounding wires may be bare and uninsulated. 


PROPERTIES OF COPPER CONDUCTORS 


Uncoated Coated 
(0./1000 ft.) (Q /1000 ft.) 


Diameter 


(in.) 


Figure 2-2. Properties of copper conductors. Properties for sizes up to 
No. 8 are for single conductors. No. 6 and larger are stranded conductors. 


Insulation 
axımı. 5 


Copper vvire nə 


Figure 2-3. Single vvire conductors. 
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Nonmetallic and Armored Cable 


İn modern house vviring, tvvo types of cable are commonly used: 
nonmetallic sheathed cable and flexible armored cable. Nonmetallic 
sheathed cable is an assembly of tvvo or more insulated vvires vvith an 
outer sheath or covering of moisture-resistant, nonmetallic material. 
Examine Figures 2-4 and 2-5. Flexible armored cable, commonly 
referred to as BX, comes in 2- and 3-vvire types, Figure 2-6. Armored 
cable has vvires vvith insulation and a bare ground vvire tvvisted 


Paper 
-” b 


VVire 


Rubber o. 


Figure 2-4. Two-wire nonmetallic sheathed cable without ground. 


Ground 


Figure 2-5. Two-wire sheathed cable with ground wire. 


Metal armor Insulation 


Bare ground k.” 


Figure 2-6. Metallic armored cable. Top—Three-wire cable with bare 
ground. Bottom—Two-wire cable with bare ground. 
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together. This grouping of wires is then wrapped in coated paper and 
covered with self-locking steel armor. Several types of insulation are 
listed in Figure 2-7. 


Wire and Cable Insulations 


Letter 
Type and insulation type 


Thermoplastic: 

Thermoplastic and Fibrous Outer Braid 

Flame Retardant Heat Resistant 

Flame Retardant Moisture and Heat Resistant 

Flame Retardant Moisture and Heat Resistant 

Flame Retardant Moisture and Heat Resistant 

Flame Retardant Moisture Resistant 

Underground Feeder and Branch Circuit Moisture Resistant 
Underground Service Entrance Heat and Moisture Resistant 


Thermoset: 

Thermoset 

Flame Retardant Moisture Resistant Thermoset 
Flame Retardant Thermoset 

Flame Retardant Moisture Resistant Thermoset 


Other polymer types: 
Perflouro-alkoxy 

Silicone rubber 

Extended polytetra-flouro-ethylene 
Modified Ethylene tetrafluoro-ethylene 
Modified Ethylene tetrafluoro-ethylene 


Figure 2-7. Types of wire and cable insulation. The letter designations are 
those of the National Electrical Code. 
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Cords 


Flexible electric cords are commonly grouped and designated as 
lamp, heater, and povver or service cords. 


Lamp cords 


Lamp cords, also called fixture cords, are flexible cords that 
are used to connect lamps, radios, etc., to outlets. Lamp cord is made 
up of fine strands to give it flexibility. It is then covered vvith 
thermoplastic insulation. Lamp and fixture cords are designated as 
SPT 16/2 and SPT 18/2. See Figures 2-8 and 2-9. 


Thermoplastic 


vvire 


Figure 2-8. (SPT 16/2) Plastic covered flexible lamp cord. 


Thermoplastic . 


Copper wire 


Figure 2-9. This lamp cord, lighter than the cord in Figure 2-8, is designated 
as SPT 18/2. 


Heater cords 


For heating appliances such as electric irons, toasters, and vvaffle 
irons, a special cord called a heater cord is used. This has a layer of 
paper-vvrapped nylon around each rubber-covered vvire, and an 
overall covering of plastic or rubber, Figure 2-10. 
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Fiberglass 


White 


Figure 2-10. Type SJ cord is used for appliances and heaters. 


Povver or service cords 

Electric cords used for large motors, heavy-duty povver tools, and 
devices vvith similar povver requirements must be heavy enough to 
carry the load vvithout overheating. See Figure 2-11. These types of 
cords are called poçuer or service cords. 


Fiberglass . 


Black 


White 


— Fiberglass 
White 
Black 


Green 


Copper 


Figure 2-11. Power or service cord. Top—Two-wire cord. Bottom—Three- 
wire cord. 


Other cord types available 


Figure 2-12 illustrates some special-purpose cords. As you 
progress vvith your house vviring activities, you vvill find that many 
other types of conductors are available. 
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Thermostat 


— 


Thermostat 


Thermostat 


o... 
sS < 
Intercom — : 


Vacuum cleaner cord 


Figure 2-12. Special purpose cords. 
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Wiring Must Meet Codes 


All house wiring must be installed in accordance with city and 
state codes or regulations applicable to the work being done. The 
wiring must also comply with the National Electrical Code. 
Requirements of the local utility company must also be met. 

Compliance with codes usually results in installations free from 
electrical hazards. However, the systems will not necessarily be effi- 
cient, convenient, or adequate for good service and future expansion. 

Electrical codes are Hot intended as construction guides for 
untrained people. 

The National Electrical Code (NEC), which contains rules and 
specifications intended to safeguard both people and property from 
hazards arising from the use of electricity, is sponsored by the 
National Fire Protection Association, Inc. 

A copy of the Code is an important tool for everyone interested in 
house vviring procedures. 


Using approved materials and devices 


VVhen installing house vviring, only Undervvriters Laboratories 
(UL) approved materials and devices should be used. Undervvriters 
Laboratories, vvhich is supported by manufacturers, insurance 
companies, and other interested parties, tests materials and devices 
to see if they meet certain minimum electrical standards. 

The Undervvriters” label (several styles used), which is stamped 
on or printed and attached to items that have been approved, assures 
the purchaser that minimum safety requirements as specified by the 
National Electrical Code have been met. Hovvever, the approval stamp 
is not intended to convey the idea that all approved items are of 
equal quality. 


Careful installation 


All vviring and fixtures should be installed in a neat, exacting 
manner. Closely follovv all the plans (vvorking dravvings) provided 
for the job. 


Nahional Electrical Code k and NEC Z are Registered Trademarks of the National Fire Protection Association, 
İnc., Quiney, MA 02169 
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Review Questions 
Ansuver the folloving questions using the information provided in this 
chapter. 
1. Insulation is a (noncurrent/ current) carrying material that 
ensures the current vvill flovv through the vvire. 
2. As the size of the vvire decreases, the vvire number becomes 


(largef / smaller). 
3. For most house vviring jobs, copper vvire numbers and 
—1”7 are specified by the building plans. 
4. Hə a 2-vvire cable, the vvire colors are: ¿Lu and 
5. In a 3-vvire cable, the vvire colors are: bL ú, ,and 
6. True or False? The neutral vvire is .... üns 
7. List the two types of cables commonly used in modern house 
vviring. 
a. í), 
b. 
8. Flexible electric cords are grouped under the following three 
headings. || 
a. Aze -: | 
b. has h ` 
ına 


9. All house vviring must be installed according to: 
a. City and state codes. 
b. National Electrical Code. 
c. Local utility company requirements. 
d./AII of the above. 
U“e, None of the above. 
jQ (Ol - approved materials and devices should be 
used when doing house vviring. 
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1: 


." 


- — — 


Student electricians installing electrical wiring systems at a national 
SkillsUSA contest. They will be fudged on competence and knowledge of 
electrical code requirements, as well as their skills. 
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Condulits and 
Kacevvays 
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Conduit is a type of tubing (metal or plastic) that is used to 
enclose and protect electrical vviring. 


Kigid Steel Conduit 


Rigid steel conduit is available both in galvanized and black 
enameled types. This conduit comes in 10 ft. lengths. Both ends of 
the conduit are threaded and a coupling is screvved on one end, 
Figure 3-1. Sizes range from 1/2 to 6 in., Figure 3-2. Rigid conduit, 
vvhich is bendable, is cut and threaded vvith the same type of tools as 
used for vvater pipe. 


Figure 3-1. Rigid steel conduit and nipples. 


Thinvvall Steel Conduit 


Thinvvall conduit, which is the type of conduit used for most 
house vviring, is galvanized, light in vveight, and is easy to bend and 
handle. It comes in 10 ft. lengths, vvithout couplings. The vvall is so 
thin it cannot be threaded. Special pressure fittings are used to couple 
joints together and to connect the conduit to switch and outlet boxes. 
See Figures 3-3, 3-4, and 3-5. 
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Size Diameter (inches) Thickness 
(in inches) External Internal (in inches) 

1/2 0.840 0.622 0.109 

3/4 1.050 0.824 0.113 

1 111375 1.049 0.133 

1 1/4 1.660 1.380 0.140 

1 1/2 1.900 1.610 0.145 

2 2 375 2.067 0.154 

2 1⁄2 2.875 2.469 0.203 

3 3.500 3.068 0.216 

3 1/2 4.000 3.548 0.226 

4 4.500 4.026 0.237 

5 5.563 5.047 0.258 

6 6.625 6.065 0.280 


Figure 3-2. Chart for rigid conduit showing thickness and internal and 
external diameters. 


Figure 3-3. Thinvvall conduit. 


Figure 3-4. Typical thinvvall fittings. 


Aluminum Rigid Conduit 


Aluminum rigid conduit comes in 10 ft. lengths. It usually comes 
threaded on both ends. One end is fitted vvith a coupling. The other 
end is fitted vvith a plastic protector to protect the threads. See 
Figures 3-6 and 3-7. 
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Nominal Nominal Nominal 
Trade Outside inside wall weight per 
size diameter diameter thickness 100 ft. 
(inches) (inches) (inches) (inches) (pounds) 
23 


3/8 0.577 0.493 0.042 

1/2 0.706 0.622 0.042 30 
3/4 0.922 0.824 0.049 47 
1 1.163 1.049 0.057 68 
1 1⁄4 1.510 1.380 0.065 100 
11/2 1.740 1.610 0.065 114 
2 2197 2.067 0.065 147 
2 1/2 2.875 2.731 0.072 230 
3 3.500 3.356 0.072 270 
4 4.500 4.334 0.083 400 


Figure 3-5. Chart for thinwall conduit showing dimensions and weight. 


— 


Figure 3-6. Aluminum rigid conduit. 


Wall Weight 
Size O.D. I.D. Thickness per 

(in inches) (in inches) (in inches) (in inches) Length 
1/2 0.840 0.622 0.109 3.0 
3/4 1.050 0.824 0.113 4.0 
1 1.35 1.049 0.133 6.0 
1 1/4 1.660 1.380 0.140 8.1 
1/2 1.900 1.610 0.145 9.7 
2 2.375 2.067 0.154 132 
2 1/2 2075 . 2.469 0.203 20.8 
3 3.500 3.068 0.216 27.2 
3 1⁄2 4.000 3.548 0.226 döz 
4 4.500 4.026 0.237 38.9 
5 5.563 5.047 0.258 52.9 
6 6.625 6.065 0.280 78.7 


Figure 3-7. Chart for aluminum rigid conduit showing diameter, wall 
thickness, and weight. 


Flexible Steel Conduit 


Flexible steel conduit, commonly called greenfield, is similar in 
construction to BX. However, greenfield contains no wires. 
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Greenfield is sometimes used with rigid conduit where the runs 
involve short, difficult bends. Wires are pulled through the greenfield 
after installation. See Figures 3-8 and 3-9. 


Figure 3-8. Flexible steel conduit without wires is frequently called greenfield. 


Size Feet Wt. Ibs. Size Feet Wt.Ibs. 
(in inches) in coil per 100 ft. (in inches) in coil per 100 ft. 


5/16 250 15 1 1/4 50 125 
3/8 250 25 1 1⁄2 25 162 
1/2 100 47 2 25 213 
3/4 50 58 2 1/2 25 263 
1 50 102 3 25 313 


Figure 3-9. Chart shovving greenfield sizes and vveights. 


Rigid Plastic Conduit 


Conduit made from polyvinyl chloride compound (PVC) has 
established its ability to retain outstanding properties. İt vvill vvith- 
stand immersion in vvater or oil and exposure to sunlight, under- 
ground moisture, and corrosive atmospheres. PVC condufit comes in 
1/2 to 4 in. diameters and in 10 and 20 ft. lengths. PVC can come with 
plain or threaded ends. 


Surface Racevvays 


Metal racevays, Figure 3-10, are installed on the surface. They 
provide mechanical protection to conductors vvhile keeping them 
accessible for vviring changes. On revviring jobs, the surface installa- 
tion of racevvays eliminates dealing vvith in-vvall vviring. The race- 
vvays can be finished to match the surrounding surfaces. 

Metal racevvays should be selected on the basis of the number 
and size of conductors to be carried. Always use specifications and 
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instructions supplied by the manufacturer. Many different systems 
are available. These include racevvays in vvhich vvires are pulled 
through, prevvired systems, plug-in strips, and overfloor systems. See 
Figure 3-11 for examples of overfloor systems. 

Racevvays can be mounted on almost any type of surface using 
the fastening methods shovvn in Figure 3-12. 


200 500 700 1000 2000 2100 2200 3000 


ma". 


Figure 3-10. Surface mounted metal racevvays. (VViremold Co.) 


2800 


VVood panel Dry vvall Plaster 


Concrete Cinder block 


Figure 3-12. VVays to mount metal racevvays. 
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Review Questions 


Ansuer the folloving questions using the information provided in this 


chapter. 

1. Metal or plastic tubing used to enclose or protect electrical 
vviring is called j 

2. Rigid conduit is cut and threaded with the same tools as used for 

3. Thinwall steel conduit uses special to couple joints and to 
connect to switch and outlet boxes. ' 

4. Rigid plastic conduit will withstand immersion in Or 

5. Flexible steel conduit is similar in construction to , but it 
contains no wires. 

6. On rewiring jobs, raceway surface installation eliminates dealing 

` with wiring. 

Z. Metal raceways should be selected on the basis of the and 


of conductors to be carried. 
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Boxes and Covers 


İn modern house vviring, all conductor joints or connections must 
be housed in approved electrical boxes, and the boxes must be 
mounted vvhere they vvill be accessible for making vviring changes. 
All switches and outlets must also be housed in boxes, and all 
fixtures must be mounted on boxes. 


Box Construction 


Both steel and nonmertallic (plastic) boxes are available. The metal 
boxes are made of heavy galvanized steel, usually 14 gage, and come 
in four principal shapes: square, octagon, rectangular, and circular. 
See Figures 4-1 to 4-6 inclusive. 

Outlet boxes made from steel have knockouts. Knockouts are 
machine punched pieces of metal not completely cut loose from 
the metal box. They are removed to insert conduit and cable. 
See Figure 4-7. The knockout vvith the slot, shovvn at the left 
in Figure 4-7, is removed by inserting a screvvdriver and prying. 


Figure 4-1. Left—Octagon-shaped junction or ceiling outlet box. Right—Outlet 
box extension. 
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Figure 4-2. Rectangular-shaped switch Figure 4-3. Rectangular-shaped switch 
or outlet box with square corners. or outlet box with beveled corners and 
clamps for connecting cable. 


Figure 4-4. Round, shallow ceiling Figure 4-5. Surface mounted box. 
box. Boxes of this kind are used 
mostly on “old work” revviring jobs. 


Disk-shaped knockouts can be easily removed. Use a punch or heavy 
screwdriver to bend the disk outward, and use a pair of pliers to 
break it off. 


Box Covers or Plates 


Boxes used for house wiring connections, switches, and outlets 
must be covered. Usually when a fixture is mounted on the box, no 
other cover is required. 
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Figure 4-6. Left—Square metal function box. Right—Square plastic junction 
box. 


Figure 4-7. Left—Two types of box knockouts. Right—Knockout seal. 


Figure 4-8 shovvs an assortment of single, duplex, and gang type 
plates. A variety of telephone plates are shovvn in Figure 4-9. Most 
vviring jobs can be completed using one or more of the plates shown. 
Plates for many specialized purposes are also available. 
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Figure 4-8. Single, duplex, and gang type box plates or covers. 
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HBB 


Figure 4-8. (Continued) Additional box plates or covers. 


Figure 4-9. An assortment of special outlets. (Leviton Mfg. Co., Inc.) 
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Review Questions 
Ansaoer the folloving questions using Hi information provided in this 
chapter. 
1. Trute or False? Boxes must house all conductor Joints or connections. 
2. Trutc or False? Boxes should be mounted so they will be accessible 
for making vviring changes. 
Truc or False? Boxes must house all svvitches and outlets. 
True or False? Boxes must be used to mount all fixtures. 
List the four basic shapes of metal boxes. 
a. 


b. 


Ee, 
d. 

6. Punched pieces of metal not completely cut loose from the box 
that are removed to insert conduit and cable are called 

7. Usually a cover is not required on a box used for: 
a. vviring connections. 
b. svvitches. 
c. outlets. 


d. fixtures. 


S 


o 
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Switches 


Single-Pole Switches 


The single-pole szoitch, Figure 5-1, has two terminals. This 
switch turns one light or appliance on and off from a single location. 
Figure 5-2 shows how a typical single-pole switch works. A different 
(more quiet) type of single-pole switch is illustrated in Figures 5-3 
and 5-4. ` 

Figure 5-5 shows a mercury-operated switch that is completely 
silent. Electrical contact in this switch is made by mercury moving 
vvithin a hermetically (airtight) sealed button. There are no mechanical 
parts to snap or click. 


Terminals 


Figure 5-1. Single-pole svvitch. Figure 5-2. Top—Single-pole switch 
in the off position. Bottom—Same 
switch in the or position. 
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Figure 5-3. Single-pole switchof Figure 5-4. How the guiet-type switch, 
the quiet type. shown in Figure 5-3, works. 


Figure 5-5. Single-pole mercury operated switch that is completely silent in 
operation. 
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A delayed-action switch is shown in Figure 5-6. With a delayed- 
action svvitch you turn the svvitch off, but the device does not imme- 
diately shut off. When used with a lighting system, you can turn the 
svvitch off and, as you vvalk avvay, the lights stay on 30 to 60 seconds 
before shutting off. 

Figure 5-7 shovvs a single-pole touch svvitch. The button is 
pushed to turn the light on and off. 


Figure 5-6. Delayed-action svvitch. Figure 5-7. Single-pole touch svvitch. 


Canopy suvitches—tumbler, pull chain, and push-button, 
Figure 5-8—are small size, compact svvitches mounted in the 
canopies of lighting fixtures, to control the lamps at the fixtures. 

A feed through svvitch inserted in a portable cord is shovvn in 
Figure 5-9. 


Three-VVay Svvitches 


Three-uvay suvitches, Figure 5-10, are used to control lights from 
two locations. Note the number of terminals. Two 3-vvay switches are 
required for each installation. Figure 5-11 shows how a 3-way switch 
works. See Figures 12-9, 12-10, and 12-11 for 3-way switch wiring 
diagrams. 
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Figure 5-8. Small canopy switches. Left—Tumbler. Center—Pull chain. 
Right—Push-button. 


Figure 5-9. Feed through switch used in portable cord. 


Traveler Traveler 
terminal N ” -. - terminal 
( Common 
terminal 
Ground | 


terminal 


Figure 5-10. Three-way switch. Note the number of terminals. 
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Light 
turned o 
on = 
° 
o 
> 
g 
m 
3-vvay 
switches 


Light 
turned 
on 


Figure 5-11. How a 3-way switch works. The circuit is completed by moving 
either switch up or down. 


Four-Way Switches 


Four-uvay suvitches (each switch has four terminals), Figure 5-12, 
are used vvhen vve vvant to control an electrical circuit from three 
points. VVhen using a 4-vvay svvitch, it is necessary to use tvvo 3-vvay 
svvitches in the circuit. One 4-vvay svvitch is installed betvveen the tvvo 
3-vvay switches. Figure 5-13 shows how a 4-vvay switch works. For 
an installation diagram, see Figure 12-12. 

For each additional control point, an additional 4-vvay svvitch 
must be inserted between the two 3-vvay switches. 


Dimmer Svvitch 


The dimmer suvitch is used to switch a light from bright light 
(10099) to dim light (about 25%). The switch is controlled by a sliding 
knob, as shown in Figure 5-14, or a rotating knob. Installation is done 
by replacing the regular svvitch vvith a dimmer svvitch. 
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Ground 
terminal 


Figure 5-12. Four-vvay switch. Note the four current-carrying terminals. 


Figure 5-13. A 4-vvay svvitch is a special double pole, double-throvv svvitch, 
used between two 3-vvay switches to provide an additional switch from which 
a light can be operated. When the switch is operated, an insulated jumper 
conducts current to the contact diagonally opposite. Left—First position. 
Right—Second position. 


A dimmer switch of the type shown should not be used to control 
wall outlets, fluorescent lights, appliances, or motor-driven equipment. 

Note: Switches illustrated and described in this unit are typical 
examples of switches commonly used. Numerous other switches are 
available. 
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—n. —— 


Figure 5-14. Dimmer switch with sliding knob. 


Review Questions 


Anszoer the folloving questions using the information provided in this 


chapter. 

1. A single-pole svvitch has terminals and controls the 
electrical circuit from location. 

2. Three-vvay svvitches have terminals and control the electrical 
circuit from locations. 

3. Four-vvay svvitches have terminals and control the electrical 
circuit from locations. 

4. A mercury-operated svvitch is completely silent because there are 
no to snap or click. 


5. True or False? The three kinds of canopy switches are the tumbler, 
feed through, and the pull chain. 
6. VVhen using a 4-vvay svvitch, it is necessary to use tvvo 
svvitches in the circuit. 
.7. A dimmer switch should never be used to control: 


—-. 


Copyright Goodheart-VVillcox Co., Inc. 


40 House Wiring Simplified 


Wireless light switches can be placed anywhere in a room without worrying 
about running wires to the switch. A battery powered remote controls a 
special socket that can be placed up to 50 ft. away. (Lamson & Sessions) 
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Outlet Receptacles 


Receptacle Types 


Receptacles, often called outlets, are used to supply electricity for 
portable appliances and devices. Among the appliances and devices 
are lamps, microwave ovens, toasters, televisions, radios, personal 
computers, and power tools. 

Figure 6-1 shows an older type of receptacle without a grounding 
terminal. Such receptacles can only be used in older systems when 
they have no grounding system. The NEC allows a ground fault 
circuit interrupter to be used in place of the nongrounding type 
receptacle as long as it is marked “No Equipment Ground”. 


Figure 6-1. Duplex outlet without grounding terminal. 


Figure 6-2 shows a duplex outlet with a green hex head screw 
terminal for a grounding wire. A grounding terminal provides a 
connection for a grounding conductor. This safety device bleeds off 
current to prevent shock in case of an electrical short. A green 
grounding wire or a bare wire is connected to the green hex head. 

The duplex outlet also has a break-off fin. When the metal 
break-off fin is removed, there is no connection between the two 
outlets. The receptacle can be used to provide outlets for two separate 


circultsc——— 
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Figure 6-2. Duplex outlet. Note the green hex screw terminal for grounding 
wire and also the break-off fin. 


A single receptacle with a U-shaped ground is shown in Figure 6-3. 
The green terminal connects to the bare or green-covered wire in the 


cable. Receptacles of this type are commonly used for dishwashers 
and other single-use installations. 


Grounding screw 
[ / (green) 


Figure 6-3. Receptacle (240 V) for tandem blades and U-shaped ground. 


A receptacle for three vvires, 240 V, is illustrated in Figure 6-4. 
Receptacles of this kind provide for easy connection and disconnection 
of equipment such as electric dryers and ranges. 

Figure 6-5 illustrates a single receptacle (240 V) for horizontal and 
vertical blades and a U-shaped ground. This receptacle is for large air 
conditioners, heavy povver tools, garden equipment, etc. The grounding 
terminal (green) connects to the bare or green-covered vvire in the cable. 
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Figure 6-4. Receptacle for three vvires, 240 V. 


Grounding terminal 


Figure 6-5. Receptacle (240 V) for horizontal and vertical blades and 
U-shaped ground. 


Figure 6-6. No-shock outlet vvith self-closing openings. 


A no-shock safety duplex outlet is shovvn in Figure 6-6. In this 
receptacle, self-closing outlets prevent small children from inserting 
metal objects and getting a shock. To use a no-shock type outlet, 
insert the plug, tvvist clockvvise a quarter turn, and push in the plug. 
VVhen the plug is pulled out, the rotary cap snaps shut. VVeatherproof 
receptacles for outdoor devices are shown in Figure 6-7. 

In house vviring, provisions for telephones also should be made. 
Conduit or cable of an approved type should be installed that 


Copyright Goodheart-VVillcox Co., İnc. 


44 House Wiring Simplified 


terminates in switch boxes at the locations where telephones are 
desired. A special wall connecting block (wall jack), left, Figure 6-8, 
is provided. The local telephone company should be consulted for 
complete instructions prior to construction. Figure 6-8 also shows a 
special wall plate used for television. TV lead-in cable is run from the 
antenna, satellite dish, or cable system to a box at the back of the 
plate, without the use of conduit. 

A plastic safety cap for wall outlets, which can be used to keep 
children from inserting dangerous metal objects into outlets, is 
shown in Figure 6-9. 


Figure 6-7. Weatherproof receptacles. Left—Outlet without grounding 
terminal. Right—Grounded duplex receptacle. 


Figure 6-8. Left—Wall jack for telephone. Right—Tlate for TV. 
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Figure 6-9. Safety cap. 


Review Questions 


Ansuver the follotuing questions using the information prooided in this 
chapter. 

Match the description of the outlet receptacle in the list on the left zoith 
the proper use in the list on the right. 


a. Duplex outlet vvith- rə Dryers, ranges, etc. 
out grounding 
terminal. 2 Large air conditioners, heavy 

b. Tandem blades and tools, garden equipment. 
U-shaped ground 2 Replacement in non-grounded 
240 V outlet. system. 

c. Three-vvire 240 V 4. Television signal reception. 
outlet. 

d. Horizontal and 5. No-shock, prevents children 
vertical blades 240 V inserting metal obiects. 
outlet system. 6. Air conditioners. 

e. Self-closing rotary 
cap outlet. 

f. Special vvall plate 


for antenna lead-in 
cable. 
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Switches and outlets come-in a variety of shapes and styles. 
(Pass & Seymour / Legrand) 
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u 7 
Electrician”s Tools 
and Equipment 


In this unit we will discuss tools that will help you with your 
house wiring jobs. 


Pliers 


Pliers are available with both insulated and uninsulated handles. 
Insulated handle pliers should be used when working on or near hot 
wires. The handle insulation should not be considered sufficient 
protection alone. Other safety precautions must be observed. Several 
types of pliers are shown in Figure 7-1. 


” 
— ` ` 
ñ ə. 


“x : x 


Slip joint Lineman's 
Diagonal Long nose Conduit locknut 
cutting and reaming 


Q . - — 


High leverage Cable cutter Grooved joint 
end cutting 


Figure 7-1. Typical pliers and cutters used in house wiring. (Klein Tools, Inc.) 
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Screwdrivers 

Screwdrivers come in various sizes and with several tip shapes, 
Figure 7-2. Screwdrivers used by electricians should have insulated 
handles. For safe and efficient use, screvvdriver tips should be kept 
square and sharp. In selecting a screwdriver for a particular job, the 
width of the screvvdriver tip should match the width of the screw slot. 


-  -X.. . . 


Straight Stub 


— —” 


Phillips Straight with EMT reamer 


Torque screvvdriver vvith various bits 


Figure 7-2. Types of screvvdrivers used in house vviring. (Klein Tools, Inc.) 


Drilling Equipment 
Drilling equipment is needed to make holes in building structures 


for passage of conduit and vvire in both nevv and old construction. See 
Figures 7-3 and 7-4. 


Figure 7-3. Power drill. 
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Auger 


ə ə 


Masonry 


Twist 


Hole saw kit 
Step drill 


Figure 7-4. Variety of drill bits. (Klein Tools, Inc.) 


Sawing and Cutting Tools 

Hand saws commonly used by electricians include the crosscut, 
keyhole, and hacksaw. Power saws commonly used by electricians 
include the circular saw and the saber saw. See Figures 7-5 and 7-6. 


“ə 


2 a — 
= i - MER TÜL 
———. Crosscut 


Keyhole 


Hacksavv 


Figure 7-5. Typical hand savvs. (Ace Hardvvare Corp. and Klein Tools, Inc.) 
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Circular saw 


Reciprocating saw 


Figure 7-6. Typical power saws. (Makita Corp.) 


Soldering Equipment 


Soldering is one method of forming electrical connections such as 
splices and taps (connections made to wire at points other than the 
ends). There are also some solderless connectors that can also be used. 
Typical equipment available for soldering is shown in Figure 7-7. 


Multipurpose Tool 


Figure 7-8 shows a tool that can be used as a pair of pliers, to cut 
and strip insulation from vvire, to crimp terminals, and to cut screvvs. 


Hammers 


Hammers are used with chisels, for nailing, and for fitting. 
Figure 7-9 shows a carpenter”s clavv hammer, lineman”s hammer, and 
a machinist”s ball-peen hammer. 


Measuring Tools 


To measure vvire length, opening sizes, conduit, and other items, 
the electrician finds considerable use for measuring tools such as the 
extension rule, push-pull tape rule, and a steel tape, Figure 7-10. 


Fish VVire or Tape 


Fish tapes are used to pull (fish) vvires through conduiis in new 
vvork and through vvall openings in old vvork. These tapes are made 
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Soldering paste Solder 


Electric soldering iron 


Soldering pencil à 


Propane torch 


Figure 7-7. Soldering equipment. 


Figure 7-8. Multipurpose tool. (Klein Tools, Inc.) 


of tempered spring steel and come in lengths to suit various require- 


ments. See Figure 7-11. 
Wire pulling lubricant or compound (usually a creamy textured 
compound with wax base) is used to make wire pulling easier. 


Miscellaneous Tools and Equipment 


Additional tools and equipment needed in handling house 
wiring jobs include: conduit benders, pipe cutters, test lights, 
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Claw hammer Lineman's hammer 


Ball-peen hammer 


Figure 7-9. Hammers used in house wiring. (Klein Tools, Inc.) 


w. 


Power return tape rule 100” tape rule 


Figure 7-10. Useful measuring tools. (Klein Tools, Inc.) 


m 
- BB 


İre.PulliT 
libricanl 


Steel fish tape reel Nonmetallic VVire pulling 
and puller fish tape reel lubricant 


Figure 7-11. VVire pulling equipment. (Klein Tools, Inc.) 
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reamers, and BX cutters. See Figures 7-12 and 7-13. Other useful items 
include: vvrenches, files, fuse pullers, pipe vises, taps and dies for 
threading conduit, plumb bobs for establishing true vertical lines, flash- 
lights, test equipment, vvire gauges, and povvder-actuated stud drivers. 


Test light 


Conduit bender Pipe reamer 


Figure 7-12. Miscellaneous tools and equipment used in house vviring. 
(Klein Tools, Inc.) 


Figure 7-13. BX cutter. Notch is designed for stripping off insulation. 
(Klein Tools, Inc.) 
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Review Questions 


Ansever the folloving questions using the information provided in this 


chapter. 
. 8 


Identifu the tools shoun belozu. 


A. G 
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VVorking Safely 


İn house vviring, both the vvorker and the employer must assume 
important responsibilities to prevent on-the-iob inyuries. The 
employer is responsible for providing proper equipment, equipment 
maintenance, and safe vvorking conditions. Final responsibility for 
safe vvorking practices rests vvith the vvorker. 


Shock Effects 


If a 60 hertz alternating current is passed through a person, from 
hand to hand or from hand to foot, the usual effects are: 

ül At about 1 milliampere (0.001 ampere), the shock may be felt. 

LJ At about 10 milliamperes (0.010 ampere), the shock may be 

severe enough to paralyze muscles so a person is unable to 
release the conductor. 

m1 At approximately 100 milliamperes (0.100 ampere), the shock 

may be fatal if it lasts for one second or more. 

The amount of shock depends on conditions at the time and place 
of contact. If a live vvire is contacted while you are standing on a dry 
vvooden floor, the shock may be negligible. If you are standing on a 
damp floor, your body may become a conductor that leads the 
current to the ground. A serious shock can result. Shock is far more 
severe vvhen your hands are damp or vvet because vvater or perspira- 
tion reduces the resistance of your body. 

VVhen an electric shock is received, the current can cause 
breathing to stop. If the shock is not too severe, breathing may 
resume after a short time, provided a sufficient supply of oxygen is 
furnished to the body through CPR. 


Freeing a Victim 

The first person to reach a shocked vvorker should cut off the 
current if this can be done quickly. If not, the victim should be 
removed from contact vvith the energized equipment. 
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Determine whether the live wire can be removed from the victim, 
or whether the victim should be pulled away from the wire. Your 
bare hands must not be used to pull the victim away. Use a dry 
board, dry rope, leather belt, coat, overalls, or some other noncon- 
ductor. Be sure to stand on a nonconducting surface. 

Call the local emergency number (usually 911) and give CPR 
until a paramedic or other competent person familiar with lifesaving 
methods arrives. 


Figure 8-1. Electricity packs a terrific wallop. Use your head. Think! Stay alive! 


Safety Suggestions 


The following suggestions will help prevent accidents and 
Injuries to you and your covvorkers. 
x) Do not tap into live vvires. Find the switch or circuit breaker, 
and cut off the current before starting to work on the circuit. 


J When cutting flexible cable with a hacksavv, be sure to hold the 
cable against a solid object—not against your knee. 


x Remember, your eyes are a priceless possession. Protect your 
eyes. VVear goggles or a face shield vvhen there is a possibility 
of being injured by flying chips or electric flashes. 
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Ul Use all tools correctly. Make sure all tools are in good working 
condition. VVhen there is a danger of shock, use tools vvith 
insulated handles—nonmetallic tools if available. Use dry 
cloth measuring tapes. 


1 Handle and lift objects carefully. When lifting, bend your 
knees and keep your back as nearly upright as possible. 


1 Periodically run a current leakage check on portable power 
tools. Also check the tools for proper grounding, to make sure 
they are safe to use. 


zı Check service outlets for polarity and proper grounding. 


zl Keep the floor around your working area clean, dry, and free 
from litter. 


E1 Never use a lamp or appliance if the insulation on the cord is 
vvorn and ragged. Replace, don't splice, a broken cord. 
Discard “beat up” extension cords. 


1 Do not remove a plug from an outlet by ferking on the cord. 
Pull on the plug. 


€) Before working on electrical equipment, all rings, vvristvvatches, 
bracelets, and similar metal items should be removed. Be sure 
there are no exposed zippers or metal buttons on your clothing. 


m Do not throw a circuit breaker or replace a fuse until the cause 
of the trouble has been found and corrected. 


m) Burns can result from contact with a hot soldering iron or gun. 
VVhen soldering, be sure to place the hot iron vvhere it is not 
likely to be touched by an unsuspecting person. 


FJ Many batteries contain acid electrolyte. Drops of the acid can 
burn your hands and eat holes in your clothing. Battery acid can 
be neutralized by using a solution of baking soda and water. 


zı On electrical wiring jobs (on live or near live electrical parts), 
two people should always work together. 


F] In case of injury, even minor, be sure to get first aid. 


R When working around electricity, be cautious but not scared. 
Remember that safety and thoughtfulness are closely related. 


Hn Remember the ABC”s of house vviring—Alvvays Be Careful. 
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Review Questions 


Ansuver the folloving questions using the information provided in this 


chapter. 


iL 


2 


- 


True or False? You can tap into live vvires if you use tools vvith 
insulated handles. 

True or False? When lifting, bend your knees, keep your back as 
nearly upright as possible. 

True or False? When a lamp cord breaks, it is vvise to splice it. 
True or False? The best way to remove a plug from an outlet is by 
pulling on the cord. 

True or False? You should not reset a circuit breaker or replace a 
fuse until the cause of the trouble has been found and corrected. 
True or False? VVhen working on electrical equipment, keep your 
vvristvvatch on so you can tell what time it is. 

True or False? Battery acid may be neutralized by using a solution 
of baking soda and vvater. 
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Unit 9 
Service 
Kequirements 


Electrical service for today”s home should provide for both 120- 
and 240-volt circuits. 

Tvvo povver line vvires running to a residential service entrance 
indicate 120-volt service. Three vvires indicate 240-volt service is avail- 
able. One vvire is a neutral or grounded vvire, the other two are hot 
vvires, Figure 9-1. Lamps ordinarily used in the home and most plug-in 
appliances use 120-volt electricity. Many major appliances—electric 
ranges, electric clothes dryers, air conditioners, etc.—need 240 volts. 


İ 
120 V 
3-vvire z Y 
source 7 maqam ram —. 
| 120 V 
55 0... 
qız 


= Ground connection 


Figure 9-1. A 240-volt circuit is a combination of two 120-volt circuits. 


Service entrance conductors are connected to a main switch, circuit 
breaker, or fuse. The service entrance equipment serves as the junction 
point from which electricity is dispatched to various parts of the house 
by a number of smaller wires. These are called branch circuits. 


Service Entrance Ratings 


Service entrance equipment is rated in amperes, just like 
appliances and lightbulbs. The equipment must have sufficient 
capacity to accommodate the maximum amount of current that will 
be used at one time—both now and in the future. 
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Today, in most areas, 100-ampere service, which may be provided 
by using No. 3 or No. 2 copper conductors with RHW insulation and 
a service entrance panel of 100-ampere capacity, is the minimum 
recommended for new homes. 

To install 150- or 200-ampere service, No. 1/0 or 3/0 (with type 
RHW insulation) 3-wire service with a 150- or 200-ampere service 
panel is used, Figure 9-2. These service levels are desirable where full 
“housepower” is required. In homes equipped with an electric water 
heater, range, dryer, or central air conditioning, and the usual 
number of small appliances, 150-ampere service is suggested as a 
minimum. If the home is to be heated by electricity, or if the owner 
requires more than the normal quantity of appliances, 200-ampere 
service is usually needed. 

To determine the maximum wattage available, multiply the 
amperage rating by the voltage. With a 100-ampere service, multiply 
100 x 240 giving 24,000 watts or volt-amperes. For wattage available 
with 150-ampere service, multiply 150 x 240 giving 36,000 watts or 
volt-amperes. A 200-ampere service will make available 200 x 240, or 
48,000 watts or volt-amperes. 

Figure 9-3 lists a number of appliance wattages. The wattages 
shown are typical. Actual wattage ratings for different brands of 
appliances vary considerably. By adding together wattages of 
appliances and lamps that may be used at the same time and the 
wattages of appliances that may be added in the future, you can get 
a good idea of service requirement needs for a particular home. 


Electrical Symbols 


Electrical sumbols, Figure 9-4, are the electricians system of 
“shorthand” used on building plans. They provide a simple way to 
show the electrical service to be provided and where outlets and 
switches are to be installed. The use of electrical symbols is shown in 
Figure 9-5. 


Branch Circuits 


Modern house wiring circuits can be divided into three general 
classes: 
J General purpose circuits. 
J Appliance circuits. 
m Individual circuits. 
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Entrance 
head 


Three lead vvires 
two hot 
one neutral 


Meter 
box 
I Hot 
Neutral 
Meter Main 
socket breaker 
Neutral 
bar 
terminal 
screws Tvvo-pole breaker 
—— 240V circuit 
məs Single-pole 
breaker Space for 
120V additional 
I! branch breakers ! 
VON circuit 2 6 Qa ada nç 
“2 ta 
Conduit 
I adapter Conduit 
Cabinet Q 
Entrance ell — 
Connector 
A ı 
id y , 
L — s? 
L `V p | 


Figure 9-2. Service entrance with 200-ampere capacity. 
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Typical Typical 
Appliance wattage Appliance wattage 
(voit amperes) (volt amperes) 

Air conditioner (room) 1200 . Hot plate 1500 
Air conditioner (central) 5000 İroner 1650 
Attic fan 400 Lamps, each bulb 25-200 
Automatic toaster 1200 ` Mechanism for fuel-fired 
Automatic vvasher 700 heating plant — 800 
Broiler 1000 Oil burner 250 
Built-in ventilating fan 400 Portable fan 100 
Coffeemaker : 1000 Portable heater 1650 
Egg cooker 600 Radio 100 
Deep fryer 1320 ` Ranges, electric 12000 
Dehumidifier 350 Refrigerator ` 200 
Dishwasher-disposer 1500 Rotisserie 5 1380 
Dry iron or steam iron 1000 Roaster 1380 
Electric blanket 200 Sandwich grill 1320 
Electric clock 2 Savv, radial `. 750 
Clothes dryer 9000 TV 350 
Freezer 350 Vacuum cleaner 300 
Fluorescent lights Ventilating fan 400 

(each tube) . 15-40 VVaffle iron 1300 
Griddle 1000 Waste disposer ” 500 
Hair dryer 1000 VVater heater 3500 
Heat or sun lamp 300 VVater pump 700 


Figure 9-3. Typical appliance vvattages. 


General purpose circuits should be used for lighting outlets in all 
rooms and for convenience outlets in all rooms except the kitchen, 
glining area, and laundry. General purpose circuits should be provided 
on the basis of one 20-ampere 120-volt circuit for not more than each 
500 sq. ft. of floor space. Each 20-ampere circuit vvired vvith No. 12 vvire 
will have a capacity of 2400 volt-amperes. Fifteen-ampere circuits with 
No. 14 vvire vvill provide 1750 volt-amperes (same as vvatts). 

Convenience outlets with duplex outlets should be provided along 
the wall every 12 ft. and as code requires on cabinet tops. Outlets on 
general purpose circuits should be divided equally among the circuits. 

A split-circuit piring arrangement, which provides two separate 
circuits in each outlet box, is shown in Figure 12-13. Such wiring is 
desirable if there is a need to balance a load of heavy appliances. 

Appliance circuits are used in the kitchen area and the laundry 
room. There should be a minimum of two 20-ampere circuits (using 
No. 12 wire) in the kitchen and dining area. There should be one 
20-ampere circuit in the laundry area. In the kitchen counter work 
area, convenience outlets for the appliance circuits should be 
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Outlets, general 
Ceiling wall 


O -O outlet. 


@ -@ Electrical outlet — used only when 
circle alone might be confused with 


other symbols. 


@ -@ Fan. 
@ -— - Junction box. 


<D Lamp holder. 
O. Lamp holder, pull switch. 


Pull switch. 
- Vapor discharge lamp. 


o ° Clock. (indicate voltage.) 


Outlets, convenience 


s. 


Duplex. 


= 3 Convenience outlet other than duplex. 
wp Weatherproof. 


R Range, kitchen. 

s Switch and convenience outlet. 
mçƏlal Radio and convenience outlet. 
ə Ground-fault circuit interrupter. 

Receptacle outlet. 
@ Special purpose outlet. (des. in spec.) 
(ə) Floor outlet. 


Outlets, svvitch 
S Single-pole switch. 


Sə? Double-pole switch. 
Sa Three-vvay switch. 
SA Four-vay switch. 
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VVeatherproof circuit breaker. 
SMC Momentary contact svvitch. 
SRC Remote control switch. 
VVeatherproof svvitch. 

S Fused switch. 
SwF Weatherproof fused switch. 


Panels, circuits, and conduit 
İB !ighting panel. 

Power panel. 
Branch circuit; concealed in ceiling or 


wall. 
—- — Branch circuit: concealed in floor. 
----- Branch circuit, exposed. 
—/— Exposed conduit. 
— Conduit concealed in celling or walls. 
— Conduit concealed in or under floor. 


Systems, auxiliary 
(Ü) Tüermostat. 
(6) Humidistat. 
[J Push button. 


Dy Buzzer. 
DP Bel. 


i Outside telephone. 

k İnterconnecting telephone. 
(b) Electric door opener. 
Automatic fire alarm device. 
b Battery. 


63 


SD Automatic door switch. Chime. 


Se Electrolier switch. Speaker. 
Sk Key operated svvitch. Television outlet. 
Sp Switch and pilot lamp. 


ScpB Circuit breaker. Fluorescent wall fixture. 


= 

@ 

0 
- Fluorescent ceiling fixture. 


Figure 9-4. Electrical symbols vvith vvhich you should become familiar. 


provided so that no point along the vvall is more than 24 in. (610 mm) 
from an outlet. If more than one heavy-duty appliance vvill be 
connected to the circuit, using No. 10 vvire is advisable. 

Individual circuits are used for major electrical appliances. 
VVire sizes and types of circuit breakers or fuses required for 
circuits serving individual pieces of mafor electrical equipment, 
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House Wiring Simplified 
Figure 9-5. Residential floor plan in which symbols shown in Figure 9-4 


are used. 
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such as ranges, water heaters, air conditioners, and space heaters, 
depend on the amperage rating of the appliances which are to 
be installed. 

Figure 9-6 shows a typical hookup for an electric range or dryer. 
A 3-wire, No. 6 cable is run from a 50-ampere circuit breaker in the 
main service panel, which is run to a heavy-duty wall receptacle. A 
flexible 3-wire cord or “pigtail” is connected to the range or dryer 
terminals. The other end of the cord has a 3-prong plug that fits into 
a receptacle. This permits the range or dryer to be easily discon- 
nected. The metal frame of the appliance should be grounded to the 
neutral terminal. 


Three-prong plug 


Figure 9-6. Typical electric range or dryer hookup. The neutral vvire is 
grounded to the frame of the appliance, generally vvith a grounding strap. 


An appliance circuit can be designed to supply both 120- and 
240-volt current. Electric ranges usually operate on 240 volts at high 
heat and 120 volis at low heat. Dryers generally require 240 volts for 
heating and 120 volts for lights and motors. 


Building Code Example 


Additional information on the requirements of an adequate 
vviring system for a modern dvvelling can be obtained by studying 
your city”s electrical code. 
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Review Questions 


Ansuver the folloving questions using the information provided in this 


chapter. 
1. Electrical service for today”s modern home should provide for 
both 7-0 and 12- 2 volt circuits. 
2. A residential service entrance vvith povver line vvires indi- 


cates 120-volt service. 

3. True or False? Three-vvire 240-volt service uses one neutral or 
ground vvire and tvvo hot vvires. 

4. 237 entrance conductors are connected to: 


a. / 
b. 
c. Wi yö d 
5. Today, the minimum recommended service for new homes is 
amperes. m 


6. = determine the maximum wattage available, multiply the 

"1428 £ rating by the voltage. 

Z; General purpose circuits should be used for lighting outlets in all 
rooms and for convenience outlets in all rooms except the İ” . , 


.. 1 / “+ A,” — 
and 


8. ef mənəm vviring provides À separate circuits in each out- 
let box. 

9. Wire sizes and types of circuit breakers or fuses required for cir- 
cuits serving individual pieces of major electrical equipment will 
depend on the  ” ofthe appliances to be installed. 
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Unit 10 
Basic Wiring 
Systems 


İn modern house wiring, the basic systems commonly used 
involve sheathed nonmetallic cable, armored cable, and metal conduit. 


Sheathed Nonmetallic Cable 


Nonmetallic cable is often used on house wiring jobs where the 
codes permit. İt is easy to install, particularly where it is necessary to 
“snake” the cable through the walls. 

İnstallation of nonmetallic cable is shovvn in Figure 10-1. At the 
cable ends, strip off the covering allovving at least 8 in. of insulated 
vvire for making connections. Fasten the connector to the outside of 
the cable cover, and insert the cable through the knockout hole of the 
box. The connector is designed to tightly grip the cable. Screw on the 
locknut on the inside tightly. 

Run the cable through holes drilled in center of joists or strap the 
cable no farther apart than 4 1/2 ft. on supporting surfaces such as 
studs, joists, walls, or the ceiling. Where the cable runs across Joists 
or through open spaces, support should be provided by running a 
board (usually 1 x 4) to which the cable is strapped. 


Sheathed 
nonmetallic 
cable 


Connector 


Grounding 
vvire 


Figure 10-1. Installing nonmetallic cable. 
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In roof areas or attics, run the cable across the top of floor beams 
or across the faces of rafters. Protect the cable by using guard strips. 

Secure the cable every 4 1/2 ft. with straps, ties, or staples. Also, 
strap the cable within 12 in. of each switch and outlet. In new 
buildings, straps must be used for all runs whether exposed or 
concealed. In old work, fasteners must be used for all exposed runs, 
but they are not necessary for concealed runs. 

Often, codes require a ground wire when using nonmetalic cable, 
Figure 10-2. By using a ground wire, you will have a system that is 
continuously grounded. This will reduce the danger of shock if some 
metal appliance case should accidentally become charged with 
electricity (shorted). 


clip 


Figure 10-2. Nonmetallic cable. Ground wire is connected to the box. 


Cawtion: Before starting on any house wiring job, check 
codes applicable to the job. See to it that all code restrictions are 


carefully observed. 


Installing Armored Cable 


Installing armored cable is shown in Figures 10-3 to 10-7. If using 
a hacksaw to cut the metal armor, Figure 10-3A, place the cable on a 
solid base and saw through one section of armor. Twist to break. Use 
shears to trim off sharp corners. Allow a length of at least 8 in. of 
insulated vvire for making connections in the box. 


Copyright Goodheart-Willcox Co., Inc. 


Unit 10 Basic Wiring Systems 69 


The paper wrapping is removed to expose the insulation 
covering the wire conductor. Carefully strip off the insulation using 
the multipurpose stripping tool shown in Figure 7-8, or a BX cutter. 
See Figure 10-3B. 


Cutting armored cable with metal-cutting shears is shown in 
Figure 10-4. First, bend the armor sharply to buckle it. Then, grip the 
cable on both sides of the buckled point and twist against the 
direction of the spiral to open one turn of cable winding. Cut with 
snips and trim off sharp corners. Removing armor exposes water- 
repellent paper wrapping. 


Figure 10-3. A. Using hacksaw to cut armored cable. B. Using notch on BX 
cutter to strip insulation. 


Figure 10-4. Cutting cable with metal-cutting shears. 
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Insert an anti-short bushing, a code requirement, between the 
paper and the wires with the bushing turned to cover sharp edges. 
Bend the bare ground wire over the anti-short bushing and wrap the 
wire around the outside of the armor. This ground wire provides a 
connection from box to box. Remove the excess paper. See Figure 10-5. 

Slip a connector with the locknut removed over the wires and 
armor. Use a clamping connector for aluminum armor and either a 
clamping or set-screw connector for steel armor. Make sure the cable 
is inserted into the connector as far as possible (the anti-short 
bushing must touch the front of the connector with the tab extending 
out of the connector). Now tighten the set screw or the clamp screws. 
See Figure 10-6. 

Remove a knockout from the electrical box and insert the wires 
and connector into the knockout hole. Add the locknut and tighten it 
with pliers or a hammer and screwdriver. See Figure 10-7. 

Armored cable must be supported by a staple or strap every 
4 1/2 ft. and within 12 in. of each end. Deviation from these rules is 
allovved if the cable is fished into a concealed vvall cavity or vvhere it 
is impractical to install supports. 


Cautton: Al vviring connections and splices must be made 
inside electrical boxes. 


Figure 10-5. Inserting anti-short bushing between the armor and the vvires. 
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.—. Clamping connector 


Anti-short bushing 


m — Set-screvv connector 


Anti-short bushing 


Figure 10-6. These armored cables have been properly terminated vvith 
anti-short bushings and connectors. 


Locknut is secured 


Anti-short bushing is visible 


Figure 10-7. This is a properly installed armor cable vvith the tab of an anti- 
short bushing exposed in the electrical box. 
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Installing Metal Conduit 


Thinvvall conduit, also called electrical metallic tubing, provides 
considerable protection for current-carrying wires and is required in 
many localities. 

To select conduit, refer to the tables in Chapter 9 and Annex C of 
the Code. In general, 1/2 in. conduit will carry four 14 AWG vvires or 
three 12 AWG vvires, 3/4 in. conduit will carry four 10 AWG vvires, 
five 12 AWG vvires, or three 8 AVVG vvires. 

Thinvvall conduit comes in 10 ft. lengths that must be Joined by 
threadless connectors. See Figures 10-8 and 10-9. Conduit may be cut 
to length vvith an ordinary hacksavv using a fine tooth blade (32 teeth 
per inch). Use a reamer or a round file to remove sharp edges and burrs. 
See Figure 10-10. 


Figure 10-8. The vvall thickness of 1/2 in. dia. thinvvall conduit is 0.042 in. 


A B 


Figure 10-9. Using couplings on thinvvall conduit. A—Setscrevv. 
B—Compression. 


Figure 10-10. This reamer is attached to a screvvdriver. (Klein Tools, İnc.) 
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Use a conduit bender to bend thinvvall conduit as shovvn in 
Figure 10-11. To make a smooth, even bend, take short bites. Be sure 
to follovv instructions provided by the manufacturer. A little experi- 
menting vvith a bender vvill enable you to get the knack of using it. 
Do not have more than four quarter bends in a run of conduit from 
one box to another. Avoid short bends. 


Figure 10-11. Using a conduit bender. (GB Electrical, Inc.) 


İn areas where conduit runs along the side of a joist or stud, it 
should be supported every 6 to 8 ft. vvith a pipe strap or clamp. İn 
areas vvhere conduit runs horizontally across vvall studs, notches 
should be cut, which are then protected with steel plates. Holes can 
also be drilled to provide a channel for the conduit, Figure 10-12. 
Check the local building code. 

The notching of studs can be eliminated, to a considerable extent, 
by running the conduit across subfloors. VVhen the conduit is in 
place, furring strips are run up to the conduit. Finish flooring is laid 
over the furring strips, Figure 10-13. 
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Steel plate 
to protect 
conduit 


Figure 10-12. Wall studs are notched to provide channels for conduit. 


Threadless connectors are used to connect the conduit to the 
metal boxes. Insert the conduit through the box knockout opening, 
and tighten the nut on the inside. 

In new work, the conduit is put in place before the house is 
completely built. After the walls have been finished, vvires are run 
through the conduit and connected to svvitches and outlets. 

Rigid conduit, Figure 10-14, comes in both black and gaivanized 
types. It looks very much like vvater pipe. The principle difference 
between rigid conduit and water pipe is that the conduit is softer, 
making it easier to bend. Rigid conduit should be closely inspected 
for sharp profections on the inside that might cut the insulation from 
vvires when pulling them through the conduit. 
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Figure 10-13. Running conduit across subfloor. 


Figure 10-14. Rigid conduit is threaded like vvater pipe. 


Rigid conduit comes in the same sizes as vvater pipe: 1/2 in., 
3/4 in,, 1in., 1 1/4 in., and larger. Note that the measurements given 
are inside measurements. Rigid conduit can be cut and threaded vvith 
the same tools used for water pipe. 
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Protective Grounding System 


The modern house wiring system has an equipment grounding 
system. This system is independent of the grounded neutral (white 
wire). It provides an unbroken electrical path from a tool or appliance, 
through the receptacle, to the branch circulit, through the entrance panel, 
and from there to ground. An electrical short in a tool or appliance will 
pass harmlessly to ground instead of causing an electrical shock. 

A grounded receptacle has the usual two slots plus a third U-shaped 
slot that is grounded to the rest of the circuit. See Figure 10-15. The third 
prong of an electrical plug is connected to the metal case of the tool or 
appliance by a third vvire. 


Green 
bonding 
İumper 


Figure 10-15. Connecting grounding vvire to box. 


İn the receptacle, the third opening is electrically connected to a 

third terminal. The terminal screvv is color-coded green. 

The grounding system provides for continuity from outlet box to 

ground by: 

1. Using metal boxes and metallic conduit as conductors. 

2. Using metal boxes and a third (base) grounding vvire in 
electrical cable. Connecting the third vvire to the metal outlet 
box gives continuity. On a conduit system the conduit itself 
provides the ground if it runs back to the entrance panel. 
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Continuity between a properly grounded outlet box using 
either cable or conduit and the grounding circuit of the receptacle 
should be established by using a bonding fumper between the 
box and the grounding screvv of the receptacle. Look again at 
Figure 10-15. 

The fumper is usually not required if the construction and 
installation of the receptacle is such that direct metal-to-metal contact 
is established between the receptacle (of approved type) and the box 
in vvhich it is installed. 


Ground-Fault Circuit Interrupters 


Ground-fault circuit interrupters are commonly referred to as 
GFCIs. The GFCls are connected between the power line and the tool 
or appliance being used. These devices sense ground (leakage) 
currents. VVhen the currents entering and leaving the circuit are not 
identical, they automatically turn off the primary povver vvithin 25 to 
30 milliseconds. 

GFCIs should be installed wherever moisture is present or there 
is any chance that a tool or appliance being used might contact a 
grounded metal surface. AlI 120-volt single-phase 15- and 20-ampere 
receptacle outlets installed outdoors, in bathrooms, in laundry areas, 
in basementis, and at kitchen counters need to have ground-fault 
circuit protection. 


Arc Fault Circuit Interrupters 


The National Electrical Code requires that all outlets not protected 
with a GFCI be protected by an arc fault circuit interrupter 
(AFCD. AFCIs are designed to prevent fires by stopping the flow of 
electricity when arcing is detected in the circuit. AFCIs provide 
protection from faulty wiring, damaged extension cords, and defec- 
tive appliances. 

While there are receptacle-type GFCIs, there are no receptacle- 
type AFCIs. The AFCI breaker must be located in the electrical panel. 
This provides protection for the entire circuit. 
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Review Questions 
Ansauer the folloving questions using the information prooided in this 
chapter. 
1. Before starting any house vviring job, check the _ 
to the job. 
2. VVhen making connections vvith nonmetallic cable, strip off the 
— leavingat least 8 in. of insulated vvire. 
3. (True or False? When fastening nonmetallic cable to supports, do 
not use staples. 


4.A continuously grounded system will reduce the danger of 
T ..“. | 


Ç 


i applicable 


Bı Armored cable can be cut using a(n) _ or _. . 

ə. are used to protect vvires from sharp edges on the ertə dü 
armered cable. 

7. Tyue or False? All vviring connections and splices in nonmetallic 
and armored cable must be made inside metal,boxes. , 

8. Thinvvall conduit may be cut with a(n) : and joined using 

connectors. 

9. True or False2 Using a conduit bender, it is good practice to make 

up to nine bends in a run of conduit from one box to another. 
10. Rigid conduit can be cut and dn vvith the same tools used 


() 


to cut and thread v- š 


Raceway allows additional outlets to be installed in a room without having 
to punch holes in the walls. (The Wiremold Co. ) 
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Basic VViring 
Procedures 


İn 120-volt house vviring there are two vvires: a hot povver- 
carrying vvire and a neutral grounded vvire. See Figure 11-1. 


120 V 


Figure 11-1. Two-wire, 120-volt circuit consists of one hot wire and one 
neutral wire. 


Color Coding or Polarizing 


Wires throughout the system are identified by color to make sure 
that hot, or current-carrying, wires are connected to hot wires, and 
that the neutral or grounded wires run in continuous, uninterrupted 
circuits. 

To maintain the identity of the conductors, the National Electrical 
Code requires that the neutral or grounded wire be white or gray. The 
hot wire can be black or any color other than green, gray, or white. 
Using a green wire in a protective grounding system is described in 
Unit 6. 

A white or gray wire is actually a current-carrying conductor for the 
120-volt circuit too, even though it is called a neutral or grounded wire. 
The white vvire is a very important part of the vviring system. İt must run 
to each 120-volt outlet vvithout being interrupted by fuses or svvitches. 

In the service panel, all vvhite (neutral) conductors connect to a 
neutral bus bar. The neutral bus bar is connected to a grounding bus 
bar by a vvire called the main bonding yumper. The grounding bus bar 
is then connected to the system grounding electrode by a vvire called 
the grounding electrode conductor. 
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The grounding electrode conductor need not be insulated. The 
minimum size wire that can be used is No. 8. 

In connecting the ground wire to the cold water pipe, a jumper 
must be installed around the water meter, Figure 11-2, if the connec- 
tion is made on the building side of the water meter (the side nof 
coming into building from outside). 


dumper vvire 


Figure 11-2. İumper vvire installed around water meter. 


Three-VVire Circuit 


A 3-vvire circuit includes two hot (colored) vvires and one (white 
or gray) neutral vvire. Each colored vvire provides 120 volts. Connecting 
the two colored vvires and a white vvire to an appliance, such as a 
range or water heater, provides 240 volts, Figure 11-3. 


Figure 11-3. Three-vvire circuit that provides 240 volts for appliance use. 
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Connecting VVires to Terminals 


The black or hot vvire should be connected to brass-colored termi- 
nals on receptacles, switches, fuse and circuit breaker terminals, and 
to black vvires on lighting fixtures. The vvhite or gray vvires should be 
connected to the light or silver-colored terminals on all receptacles 
and to the vvhite vvires on lighting fixtures. See Figure 11-4. 


Grounding 


Neutral əə terminal 


Figure 11-4. VVhen connecting vvires to the outlet receptacle, the black or hot 
vvire should be connected to the brass-colored terminal and the white 
(neutral) vvire to the light or silver-colored terminal. 


Svvitches are alvvays connected into the black vvire. See Figure 11-5. 
In making a connection to a switch or receptacle terminal, remove 
about 7/8 in. of the insulation (using vvire stripping tool is easiest vvay) 
and connect with vvire bent to form a clockwise loop, Figure 11-6. If 
insulation is removed with a knife, taper insulation at the end so the 
vvire vvill not be nicked by the knife, Figure 11-7. 


Using solderless connectors 

In modern house vviring, most soldering is eliminated by the use 
of solderless connectors (vvire nuts), Figure 11-8. The connectors are 
made of insulating materials, so no taping is required. Twist the vvires 
together, then screvv the connector over the vvires being sure no bare 
copper vvire is exposed. Remember, all connections must be enclosed 
in electrical boxes. 
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Figure 11-5. Both switch terminals are always connected into the hot wire. 


Figure 11-6. The wire is bent clockwise to form a loop to make the connec- 
tion to the terminals. 


XV... 


Figure 11-7. VVhen using a knife to remove insulation, taper the insulation. 
This prevents nicking the vvire vvith the knife and vveakening it. 


Figure 11-8. Solderless connectors. (GB Electrical Inc.) 
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Connections requiring soldering 


Where solderless connectors are not used, wire splices and taps 
must be soldered. As shown in Figure 11-9, remove about 3 in. of 
insulation from each wire. Be sure the wires are bright and clean. 
Cross vvires about 1 in. from insulation, then make 6 to 8 turns using 
your fingers and a pair of pliers. The connection must be tight and 
securely soldered using a non-acid flux or rosin-core solder. Heat 
should be applied to the vvire joint so the heat from the vvire melts the 
solder. Cover the Joint with plastic tape, vvhich does the work of both 
rubber and friction tapes. Be sure to provide insulation equal to the 
original vvire insulation. (Splices must be housed in an electrical box.) 

A tap splice (connecting end of vvire at a point on a continuous 
vvire) is shown in Figure 11-10. Clean the vvires, and wrap the loose 
end around continuous vvire. Solder the joint and then tape it. 

Figure 11-11 shows a pigfail splice. The pigtail splice is some- 
times used in outlet boxes to attach fixture leads or on other connec- 
tions where there is no pull on the vvires. 


5 “£——..... 


Figure 11-9. Splicing tvvo vvires. 


Figure 11-10. Tap splice. 


Copyright Goodheart-VVillcox Co., Inc. 


84 House Wiring Simplified 


k: 


Figure 11-11. Pigtail splice. 


Using a multipurpose tool to install a solderless terminal is 
shovvn in Figure 11-12. Plastic insulation is permanently bonded to 
the terminal. 


Figure 11-12. Installing solderless terminal on heavy vvire. 


Installing Boxes 


AH vviring connections (vvire ends and splices where insulation 
has been removed) and all switches and outlets must be enclosed in 
approved electrical boxes. The boxes should be located so they are 
accessible vvithout damaging vvall framing or covering. 

Figure 11-13 shovvs svvitch and outlet receptacle boxes vvith side 
mounting brackets. Figure 11-14 shovvs hovv an outlet box can be 
mounted betvveen vvall studs using a metal hanger. Remove the 
center knockout (machine punched circles that are not completely 
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Figure 11-13. Left. Switch box with side mounting bracket. Nails are used 
to hold the box in place. Right. Square switch and receptacle box with side 
mounting bracket. 


Figure 11-14. Mounting box between studs, using hanger. 
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severed) in the bottom of the box and slip the box over the fixture 
stud. Tighten the nut on the inside of the box. 

The box should be mounted so the front edge is not more than 
1/4 in. below the finished surface of the wall or ceiling. If the wall is 
made of combustible material, the front edge must extend out flush 
with the finished surface. Various covers are available for use with 
square boxes that will raise the front edge flush with the surface, 
Figure 11-15. See also Figure 4-8. 


Raised cover (mud ring) 


Figure 11-15. Square boxes should be used where extra space is needed for 
vvires. Various types of raised covers are available. 


Mounting Fixtures 


Figure 11-16 shows a porcelain lampholder mounted directly 
onto a standard junction box. 

In Figure 11-17, note the use of a hickey (reducer), which screws 
onto the threaded fixture stud and takes a threaded nipple. When a 
light fixture is installed, the nipple extends through the fixture. This 
is held in place by a cap screwed onto the nipple. 

Providing fixture straps and threaded nipples for fixture support 
is shown in Figure 11-18. 
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Figure 11-16. Porcelain lampholder mounted on junction box. 


Figure 11-17. A hickey screvved onto threaded fixture stud takes a threaded 
nipple, which supports the fixture. 


Provide box entry points for conduit and cable by removing 
knockouts. Use a beat-up screvvdriver and hammer to tip circle. Use 
pliers to tvvist the knockouts off. Be careful not to remove more 
knockouts than necessary. Make the connection to the box as shovvn 
in Figure 11-19. 

Ganging metal boxes is accomplished with metal switch boxes 
that are made so that they can be put together or gançed to provide 
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Figure 11-18. Fixture straps mounted on boxes take threaded nipples, 
which support fixtures. 


Bushing 


Figure 11-19. Connecting BX cable to a box. Use a bushing to protect insulation. 


additional space. To connect the boxes, simply remove one side of 
each box, fit the boxes together, and tighten the screws. 


Pulling Wire into Conduit 


In new construction, wires should not be drawn through the 
conduit until the plastering has been finished. Make sure the wires 
conform to the standard color code. Use one black wire and one 
white or gray wire in a 2-wire circuit; use one black, one white or 
gray, and one red wire in a 3-vvire circuit. 
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On short runs wires can usually be pushed through the conduit 
without using a fish tape. Where the run is long and several wires are 
to be inserted in the conduit, a fish tape will be needed, Figure 11-20. 
Fish tape is made of stiff, flexible steel, usually about 1/8 in. wide. 

In using a fish tape, insert the end of the tape in the condulit. 
When the end emerges, attach vvires to be pulled into the conduit, 
Figure 11-21. Be sure there are no sharp ends that might catch at 
condult Joints. Pull vvires through conduit. Using vvire-pulling lubri- 
cant vvill help make pulling of the vvires easier. 


Figure 11-20. Using fish tape. 
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Figure 11-21. End of fish tape showing loop and how vvires are fastened to 
the tape. 


One type of vvire lubricant comes in an aerosol can. The material 
is dispensed into the end of the conduit as a creamy foam. The lubri- 
cant clings to the vvires as they are pulled into the conduit. VVire- 
pulling lubricants also come in liquid and paste forms. 


Circuit Breakers and Fuses 


Circuit breakers and fuses act as safety valves for the vviring 
system. They protect the vviring from overloads and short circults. 


Circuit breakers 


The circuit breaker is the type of overcurrent device most 
frequently used today. Breakers are safe, reliable, and easy to use. 
This accounts for their popularity. 

A single-pole circuit breaker of the thermal magnetic type is 
shovvn in Figure 11-22. This breaker has a bimetallic element, vvhich 
consists of tvvo strips of dissimilar metals bonded together. This 
bimetallic element responds to changes in temperature vvithin the 
circuit. When excessive current, or overcurrent, is flovving through 
the circuit, the heat created by the resistance on the bimetallic unit 
expands each metal at a different rate. The different rates of expan- 
sion cause the strip to bend and open the circuit. This is vvhat is 
referred to as fripping the circuit breaker. 

İndividual circuit breakers are rated in amperes and come in a 
variety of sizes and rating capabilities. See Figure 11-23. They carry 
their load continuously, and can overload for short periods of time, as 
required to start motors, air conditioners, clothes dryers, etc. 

The circuit breaker panel box contains the main breaker, 240-volt 
circuits, and/or 120- volt circuits. See Figure 11-24. The main breaker 
connects all current to the circuit. The circuit breaker panel should be 
located as close to the incoming service as possible. It should have a 
capacity sufficient to supply present and future demands. 
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Line 
terminal 


Bimetallic 
strip 


contact 


Figure 11-224 Acircuit breaker is a switch in the black or hot wire that opens 
automatically when a predetermined current overload flovvs through it. 
İndividual breakers are grouped and placed in an entrance panel box. Each 
individual circuit requires a separate breaker. (General Electric) 


Fuses 

An entrance panel that makes use of fuses instead of circuit 
breakers to protect against shorts and overloads of the circuits is 
shovvn in Figure 11-25. The fuses screvv in and out like lightbulbs. 

In a standard plug-type fuse, as shovvn in Figure 11-26, the 
current passes through the metal strip running across the face of the 
fuse. VVhen the fuse is blovvn by overloading, the metal strip over- 
heats and melts at the vveakest point. This breaks the flow of current. 
VVhen a fuse is blovvn because of overloading, the fuse vvindovv 
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Figure 11-23. Circuit breakers come in a variety of sizes and capabilities. 
(Square D Co.) 


Figure 11-24. Circuit breaker panel box. (Square D Co.) 
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Main fuse 
pulis out 


Figure 11-25. Entrance panel—100 amps, 240 volts, with eight branch circuits. 


Figure 11-26. Plug-type fuse. The glass top helps prevent shocks vvhen 
changing fuses. 
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remains clear. If the fuse is blown because of a short circuit, the metal 
strip is heated to a high temperature and vaporizes. This discolors 
the fuse vvindovv. See Figure 11-27. 


Fuse 
link 


š 


Figure 11-27. Plug-type fuses. Left. New fuse. Current passes through strip 
of thin metal (fuse link). Center. Fuse blown by overload. Right. Fuse blown 
by short circuit. 


Plug-type fuses are made in capacities up to 30 amperes. Where 
No. 14 wire is used, 15 ampere fuses are the largest that may be used; 
20 ampere fuses are the largest that may be used with No. 12 wire. 
Cartridge-type fuses, as used in house vviring, come in capacities up 
to 100 amperes, Figure 11-28. 


Figure 11-28. Cartridge-type fuses. 


Fustats, Figures 11-29 and 11-30, are tamper-resistant protective 
devices that provide delayed fuse action. VVhen a short circuit 
develops, the fuse link blovvs the same as in a regular fuse. For 
moderate overloads, instead of the fuse link blovving, the solder cup 
starts to heat. If the overload continues, the solder in the cup softens, 
and the spring pulls the fuse link out of the solder cup, opening 
the circuit. 
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Figure 11-29. Fustat and adapter. 


Fuse link 


Figure 11-30. How fustat is constructed. 


VVith each different size of fustat (15 amps., 20 amps., etc.), a 
different fustat adapter is required. The adapter is constructed so 
vvhen it is screvved into the socket it locks in place. İt cannot readily 
be removed. This prevents inserting fuses that are too large. 

In addition to fustats, time-delay plug fuses are available. These 
fuses are used vvith circuits that can dravv very high currents during 
a startup condition. Circuits that supply current to devices with large 
motors are candidates for protection vvith time-delay fuses. 

Also available for protecting electrical vviring circuits are miniature 
circuit breakers that screvv into ordinary fuse sockets, Figure 11-31. The 
protector trips on dangerous overloads or short circuits. Service is 
restored by pressing a small button that protrudes from the top. 


Figure 11-31. Small circuit breaker that screvvs into fuse socket. 
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Caution: When a fuse is blown, open the main switch or pull out 
the section of the panel labeled “main” to cut off the current. 
Correct the condition that caused the overload, then replace the 


blown fuse with a new one of the proper size. Make sure your 
hands are dry, and stand on a dry board. Close the main switch 
or replace the pull-out section of the panel to restore service. 


Review Questions 
Ansaoer the folloving questions using the information provided in this 
chapter. 

1. To identify the conductors in a house vviring system, the wires 
are Lələ coded. 

2. True or False? The National Electrical Code requires that the neutral 
or ground vvire to be white and the hot vvire to be a color, such as 
black, red, green, or blue. 

3. A white vvire is actually a current-carrying — (for the 120-volt 
circuit. 

4. Connecting the two colored wires and the white wire in a 3-wire 
circuit provides 2- '/Ə volts. 

5. When con Pe wires to terminals, black wires should be con- 
nected to 2? ° “colored terminals on outlet receptacles and the 
white vvires should be connected to the”, “ u éolored terminals. 

6. True or False? Svvitches are alvvays connected to one vvhite vvire 

and one black vvire. 

All solderless connections must be enclosed in ?”€ 7 x fc > 
Connecting one end of a vvire to a point on a continuous vvire is 
called a(n) 7 —£#splice. 

9. Wire-pulling lubricant comes in the form of: 

a. creamy foam. 
b. liquid. 
ccpaste. sbcassis 
á. All of the above. 
10. Circuit "brelikirs and fuses protect vviring systems from 
and S|" dircuits. Zor” 
11. VVhen a fuse blovvs because of a(n) , the fuse window 
remains clear. 
12. After a fuse has blown and U trouble is corrected, replace the 
blown fuse with one of the, r5C Xe. 


27 
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In this unit, easy-to-understand drawings show how to install 
wiring required for switches, outlets, and fixtures. While the draw- 
ings show only conduit being used, you may be able to substitute BX 
or Romex. Be sure to check your local electrical code. 


il 


Figure 12-1. To add a svvitch, cut the black vvire and attach both ends to the 
terminal screvvs of the switch. Run the condulit ends into a new box. Use a 
solderless connector to connect the tvvo vvhite vvires. 


Copyright Goodheart-VVillcox Co., Inc. 97 


98 House Wiring Simplified 


Figure 12-2. Using a wall switch to control light away from the switch. Note 
that all wiring to the switch is black wire. If nonmetallic or armored cable is 
used in wiring instead of conduit, a 2-wire cable (one white wire, one black 
wire) may be used. This special use of a white wire as a hot wire is approved 
by the code. Both ends of the white wire must be painted black. While the 
conduit itself provides sufficient ground, a grounding vvire is required with 
BX, nonmetallic cable, and plastic conduit. The white (neutral) wire would 
need to extend to the switch box and be capped with a wire nut if this sys- 
tem used cable instead of conduit or if the conduit did not have sufficient 
room to add one more wire in the future. 
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Figure 12-3. İnstalling wall switch to control light at end of run. The white 
(neutral) vvire vvould need to extend to the svvitch box and be capped vvith 
a vvire nut if this system used cable instead of conduit or if the conduit did 
not have sufficient room to add one more vvire in the future. 
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Figure 12-4. Installing two convenience outlets. Grounding vvire is not 
necessary with metal conduit but is required with other conductor systems. 
Note the positioning of the grounding terminal. İt is good practice to 
position the grounding terminals on top when installing outlets. It can help 
prevent a short circuit if a metal obfect is dropped onto the plug. 
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Figure 12-7. Light controlled by a canopy svvitch. 
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Black (Hot) 
Red (Svvitched) 


x 


White (Neutral) 


Figure 12-13. Split circuit wiring provides two separate circuits at each outlet 
receptacle. This may be used where there are two or more heavy appliances 
and each outlet must be on a separate circuit breaker. Another situation, 
which is more likely, requires a split circuit installation to accommodate a 
switched outlet. One outlet is continuously hot while the other is controlled 
by a wall switch. This allows a lamp to be plugged into the outlet and con- 
trolled by the wall switch. The other outlet may be used by a clock or other 
appliance that would require continuous power. 


To create the split circuit, remove the metal tab that is located between the 
two brass-colored screws. Do not remove the tab between the silver-colored 
screws, unless a separate neutral wire will be attached to each screw. The tab 
is removed by bending it with a screwdriver or pliers, depending on the 
style of the tab. See the manufacturer's instructions for more information. 


Once the tab is removed, attach the hot vvire to one brass-colored screvv, the 
svvitched vvire to the other brass-colored screvv, the vvhite (neutral) vvire to 
one of the silver-colored screvvs, and the green (ground) vvire to the ground 
screw. 
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Entrance panel 


To appliance center 


Figure 12-14. Installing fuse or circuit breaker panel to provide new circuits, 
when there are no unused circuits on entrance panel. Connect two black 
wires to power take-off lugs and white wire to neutral strip of service 
entrance panel. This provides 120 volts between the black and white wires 
and 240 volts between the two black wires. Open wires are shown between 
panels for clarity. Wiring must meet codes. 


Lamps 
Lamps 
To 
power 
line 
Series wiring Parallel wiring 


Figure 12-15. Series and parallel circuits. In series circuits, to operate the first 
lamp electricity must pass through all of the lamps. Series wiring is some- 
times used when it is desirable to operate several low-voltage lamps (like 
Christmas tree lights) on a line of higher voltage. With parallel circuits, each 
lamp can be operated individually. 
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Master switch 


. . 


Figure 12-16. Wiring controlled by a master switch. 


Copyright Goodheart-Willcox Co., Inc. 


112 House Wiring Simplified 


Transformer i x | 
! 


Figure 12-17. A simple, transformer-operated signal system. No. 18 bell 
wire is ordinarily used to make the hookup from the transformer to the bell. 
(See the National Electrical Code concerning use of bell wire.) 
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Circuit 
breaker 
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spring 


Figure 12-18. Left. Push-button svvitch. Pressure against button causes a 
movable contact to meet a fixed contact and close circuit. Right. Doorbell 
vvith principal parts identified. 


Front doorbell 


or chimes B 


door 
buzzer 


Front 
Back 
door 
button 


mu. Transformer 


Figure 12-19. VViring diagram for front and back entrances, using both a bell 
and buzzer. 
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Bell 


pə” — Transformer 


Figure 12-20. Diagram shovving one bell controlled from three places. 


— Iransformer 


yl 


Figure 12-21. Three bells controlled by one push-button svvitch. 
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Figure 12-22. Hookup for 3-vvire return signal system. 
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Figure 12-23. Doorbell system vvith three stations. 
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Figure 12-24. Bell and door opener circuit. 
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L. Front door house 
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Figure 12-25. VViring for tvvo-note (NuTone) chime. 


Copyright Goodheart-VvVillcox Co., İnc. 


Unit12 House Wiring Circuits 117 


To ac 
house wiring 


Rear door 
push 
button 


Third door 
push button 


Figure 12-26. Wiring for eight-note chime. 


Branch 
circuit 


Transformer 


Line 


Figure 12-27. Basic circuit for General Electric”s remote-control, lovv-voltage 
svvitching system. Relays handle the svvitching of the current. The relays are 
controlled by svvitches operating at lovv voltage that permit the use of vviring 
similar to that used for door chimes. Many different components are 
available. In planning and installing remote control systems, follovv instruc- 
tions supplied by the manufacturer of the equipment. 
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Selection of styles for lovv-voltage outdoor lighting. 
(LT-Licht Technik GmbH) 
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Installing electrical vviring in a home while it is being constructed 
is called neuv ovork. Providing vviring needed to install switches, 
outlets, and fixtures in a home that is already built is called old zcork. 

In both new work and old work, the same basic vviring principles 
are involved. 

VViring in nevv vvork is largely a matter of mounting metal boxes 
on the framevvork and running the conduit or cables to those 
boxes, follovving the most direct route. VVhen conduit is used, the 
vvires are fished through the conduit and the necessary connections 
made after the walls are completed. 

Old vvork, vvhere the vvires are to be concealed, involves getting 
cables and vvires from one point to another vvith the least effort and 
minimum damağge to structural members and finished walls. 

Armored (BX) cable, plastic cable, and nonmetallic sheathed 
cable are used extensively for old concealed vviring, because they are 
flexible and can be pulled through openings between walls, ceilings, 
and floors easily. The National Electrical Code prohibits running 
flexible cord through holes in walls, ceilings, floors, and using it as a 
substitute for cable. 

Old vvork frequently requires more material than nevv vvork. İt is 
easier to run the cable through channels that are readily accessible 
rather than tear up ceilings, floors, and walls. 

Solving problems that arise obviously requires some ingenuity on 
the part of the electrician handling the job. 


Check Codes 


In doing a job of modernizing a vviring system, check the require- 
ments of the local building codes and ordinances and see that all 
requirements are met. İt would also be well advised to obtain a copy 
of the National Electrical Code and have it available for ready reference. 
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Safety: Be sure the electricity is disconnected before disconnect- 


ing any vvires or making vviring hookups. Don? take chances. 


Installing Nevv Outlets 


First decide vvhere the nevv outlets are to be located, then figure 
out the best vvay to run cables to them. One end of the nevv cable 
must be run to an existing outlet box that contains a black vvire (hot) 
and a ground vvire (vvhite) and is not already overloaded vvith 
circuits. See Figures 13-1 and 13-2. Another possibility is to bring 
power from the entrance panel and start a new circuit. 


Figure 13-1. When installing a new outlet, the box tapped into must contain 
a black vvire (vvhich is continuously live), a white vvire, and it must not be 
overloaded with circuits. 
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Maximum number of conductors 


Box dimensions, inches for boxes 
Trade size No. 14 No.12 No.10 No.8 

4 x 1 1/4 and or Octagonal ........... 6 5 5 4 
4 x1 1/2 and or Octagonal ........... 6 6 Š 
4 x 2 1/8 and or Octagonal ........... 10 9 8 7 
4x11/4 Square .......... 75—.. 9 8 7 6 
4x11/2 Square ...... 5”. lx 10 9 8 7 
4 x 2 1/8 5q65.. 25. 5 13 12 10 
411/6x11 35456 7 .......u.” 12 11 10 8 
ATUT6xii2 dia 0. ...7 14 13 11 9 
411716x2160.54u466777 -. 25—-: 75 18 16 14 
9 >< 2 xu Hectanallları ıı 0... 3 3 3 2 
Sg 2 x 2 heciangülar Pan a 5 4 4 3 
3x2x211/4 Rectangular ............ 5 4 4 3 
3x2x21/2 Heciangülar Pp 6 5 5 4 
öxə2x23/4 Boclanıgula: 0.7...” 7 6 5 4 
3 2 x 3 1⁄2 Rectangular lu Sü. .2.. 9 8 7 6 
4x2 1⁄8x1 1⁄2 Rectangular _. .. ... ..... 5 4 4 3 
4 x2 1/8 x1 7/8 Rectangular .......... 6 5 5 4 
4 x2 1/8 x 2 1/8 Rectangular .......... 7 6 5 5 


Figure 13-2. Maximum number of conductors that can be used in boxes. 


Keep in mind the fact that all wire splices must be enclosed in 
boxes, and that each switch and convenience outlet must be housed 
in a box. Each fixture must be attached to a box. 

In old vvork, rectangular boxes are generally used because they 
are relatively easy to install with minimum marring of the walls. 

In old wiring, where the system is grounded back to the entrance 
service panel (this is usually the case where conduit or armored cable 
has been used), outlet receptacles of the grounding type must be 
used. These have a U-shaped opening for the prong on a 3-wire plug 
and a green colored grounding terminal, Figure 13-3. A grounding 
vvire must be run from the green terminal of the receptacle to the box. 
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The wire can be fastened to the box using a sheet metal screw 
inserted in a hole provided for the purpose or with a metal clip, 
Figure 13-4. 


Figure 13-3. A 20 amp outlet receptacle vvith a U-shaped opening and a 
grounding terminal. 


Figure 13-4. Tvvo vvays of connecting the grounding vvire to a metal box. 


Back-to-back outlets 


Figure 13-5 shovvs hovv a nevv outlet can be installed in the vvall 
in back of an existing outlet. 

Decide on a location for the box. Measure from door opening and 
baseboard. Drill a small hole (1/16 in.) through the wall. Use a piece 
of vvire as a probe to make sure there are no obstructions that will 
interfere vvith the installation. 

Use a template for vvall marking as shovvn in Figures 13-6 and 13-7. 

If the vvall is lath and plaster or of other material that vvill not 
hold nails, an outlet box of the type that has screvv-type clamps on 
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Figure 13-5. Installing a new outlet in wall in back of an old outlet. 


Hole for 


 CTON Hole for 


saw blade 


Make a tracing of this 


on transparent paper. 
Paste onto a piece of I 
cardboard. Cut out and ! 
use for marking walls 
for switch or outlet 
box openings. 


27 


Hole for 


saw blade Hole for 
screw 


Figure 13-6. Full-size template for marking wall area opening to take an 
outlet box. 
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Marking around template Drilling 1/27 holes 


Q 


| 
0.0) 


Using keyhole savv Installing box 


Figure 13-7. Preparing a wall opening for an outlet box. 


the side can be used. See Figure 13-8. Or, you can use metal supports 
to hold a box of standard type, Figure 13-9. 

If the vvall is lath and plaster, chip avvay plaster to determine lath 
locations. Then, cut one full lath and notch the top and bottom laths, 
Figure 13-10. 


İnstalling nezo outlets from a vsall szoitch 


Figure 13-11 shovvs hovv to run a cable from a vvall svvitch 
(provided a neutral ground vvhite vvire is available) to nevv outlet 
installed above the baseboard. Remove the baseboard, chip plaster, 
or cut dryvvall to make channel for BX cable as indicated. All bends 
must be made so the cable is not injured. The radius of the inner edge 
should not be less than five times the diameter of the cable. No 
splices in the cable are permitted betvveen boxes. 
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Figure 13-8. Installing a box with side brackets in dryvvall. Side screvvs are 
tightened to bring the brackets against the vvall and hold the box in place. 


Box 


Figure 13-9. Using metal supports to hold the box in place. 
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Center 
lath 


Figure 13-10. Cut through center lath, and notch laths above and below. 


If you have a job of installing an outlet on the first floor, 
you can run the BX cable across the basement. Proceed as shovvn in 
Figures 13-12 and 13-13. Use a long-shank bit to bore a hole at an angle. 


Basement light to first floor outlet 


Figure 13-14 illustrates the procedure used to follovv in running a 
cable from a basement light (vvith svvitch at light and ground vvire in 
box) to a nevv outlet. 


Running Cable around a Door 


To run a cable around a door and install an outlet on the other 
side of the door, refer to Figure 13-15. Remove the door trim and a 
section of baseboard. Notch spacers to take BX cable. Run the cable, 
then replace door trim and baseboard. 


Installing a Wall Switch 


mstalling a vvall switch for a ceiling light that has been controlled 
previously by a pull switch at the fixture is shown in Figure 13-16. A 
2-vvire cable (one black vvire, one vvhite) is run from the light to the 
box in vvhich the nevv svvitch is to be installed. Be sure to mark both 
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Figure 13-11. Running cable from a vvall svvitch to a nevv outlet above 
baseboard. 


ends of the vvhite vvire vvith black paint so others vvill knovv both 
vvires are hot. Connecting a black vvire to a vvhite vvire is permitted by 
the Code if cable is used (not permitted vvhen using conduit). 


Fishing Cable through a Wall 


Fishing a cable from the attic or room above the new installation 
is shown in Figure 13-17. Remove baseboard and drill a hole diago- 
nally downward as indicated in the top drawing. Push fish wires 
with hooks at the ends through the opening. Withdraw one vvire until 
it hooks the other (lower drawing, Figure 13-17), then withdraw 
second wire until hooks meet. Attach to the wires in the BX cable and 
pull cable through the opening. 
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Ground wire 


Neutral/white 


5 ö) 
vvires 


Solid vvall 
Armored cable 
is fastened to 
floor joist with 
larger staple 


Figure 13-12. Installing an outlet by running cable through the floor and 
across the basement. 


Solid wall 


Figure 13-13. Boring hole diagonally from basement through the floor so 
that cable can be run between walls. 
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Armored cable 


Switch 


Figure 13-14. Running cable from a basement light to a new outlet on first floor. 
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... 
— 


— 


ə LU fp. 


= —_ 


` — —— ——. 
— 


Chip | 
plaster 


Figure 13-15. Running cable around a door to install an outlet on the other side. 


Lifting Attic Floorboards 


The drawings, Figures 13-18 and 13-19, show lifting attic floor- 
boards and drilling the foists to take a cable. See where the Jolst is 
nailed. Then bore small holes (1/16 in.) to locate the edge of the Joist. 
If the flooring is of the tongue-and-groove type, you can use a floor 
chisel or putty knife vvith the edge sharpened and a hammer to cut 
through the tongue on both sides of the portion to be removed. Bore 
holes at the corners large enough to take a small keyhole saw blade, 
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Replace 
board 


Drill 
holes 
2” from edge i. 


' 
Feed cable . 
through "° : 
vvall : 


” ” “o 
2 x3 t> 
strip ' 


be marked black 


Figure 13-16. İnstalling a switch for a ceiling light. 


and saw through the board in two places. Drill a hole in the joists to 
take the cable, Figure 13-19, and nail a cleat to the /oists to support 
the floorboard vvhen it is replaced, Figure 13-18. 

İnstalling an octagon box is shovvn in Figure 13-20. In old vvork 
where it is impractical to install an octagon shaped box of regular 
depth, a shallovv round box and an old vvork hanger, can be used, 
Figure 13-21. Round boxes must not be used vvhere conduits or 
connectors requiring the use of locknuts or vvhere bushings are to be 
connected to the side of the box. 


Surface VViring 


In modernizing house vviring, the use of some surface vviring 
devices in inconspicuous areas, vvhich can be a real timesaver, should 


be considered. See Figure 13-22. 
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Solid wall 
no lath 


Figure 13-17. Fishing cable through the wall from the room above. 
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Cleats 


Figure 13-18. Preparing a section of an attic floorboard for removal. 


Figure 13-19. Attic floor Joists are drilled to take cable. 
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Adjustable 


Nail to 
Joist 


Figure 13-20. İnstalling an octagon box in the ceiling. 


Round hole in 
—— ceiling — no lath 
— —— 


“ 
— 
- — 
— 
— 
- -— 


Figure 13-21. Old work. İnstalling shallovv, round box using special old 
vvork hanger. 


Outdoor VViring 


İnstalling a yard light (typical installation) is shown in Figure 13-23. 
The light is svvitch controlled from the house. The control can be 
manual or automatic by a time svvitch. The convenience outlets are 
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Plaster 


Base mold 


Plug-in 
molding 


Baseboard 


Finished 
floor line 


Figure 13-22. Using surface mounted plug-in molding. 


alvvays on. An easy vvay to provide the necessary vviring from the 
house to the light is to use dual-purpose plastic cable (referred to as 
type UF Direct Burial). Check local codes. İt may be that the cable 
must be encased in conduit. Keep in mind that the principles 
involved in outdoor vviring and indoor vviring are basically the same. 


Lov voltage equipment 

Typical low voltage (6 to 12 volts) lighting equipment designed 
for outdoor use is shovvn in Figure 13-24. This is used in connection 
vvith regular 120 volt equipment. Lovv voltage lighting is ideal for 
lighting small gardens and for providing specific accents in 
larger gardens. 


Winter roof drainage 


Using electric heating cable to prevent dovvnspout and gutter 
freezeup is shovvn in Figure 13-25. Lay cable in roof gutters, drop end 
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in downspout, and then fasten cable to roof with special clips 
provided. Electricity required can be provided by installing an 
outdoor type outlet box or by using a heavy-duty extension cord run 
from a nearby outdoor outlet. 


Dual purpose 
plastic cable 


Figure 13-23. Outdoor wiring. Installing outlets and light. 


Copyright Goodheart-Willcox Co., Inc. 


Unit 13 Modernizing Electrical Systeris 137 


Figure 13-24. Lovv-voltage vviring for outdoor use. 


Heating 
cable 


Figure 13-25. Using heating cable to prevent gutter and dovvnspout freezeup. 
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Review Questions 
Ansuter the folloving questions using the information provided in this 
chapter. 
1. True or False? Different basic vviring principles are involved in 
vviring nevv vvork and in vviring old vvork. 
2. R. kinds of cable used extensively for old concealed vviring are: 
a. 12253 


b. 2: 
c. Yuon t= tz 

3. When installing new outlets, one end of the new cable must run 
ƏR an existing outlet box that contains a(n). vvire and a(n) 

. afüz”Vyyire and is not VE" M” 

4. VVhat type of outlet receptacles must bə used in old vviring vvhere: 
the system is grounded back to the entrance service pansa i 

5. For marking wall openings to take boxes, use a(n)i I of the ` 
same size. 

6. When bending BX cable, the radius of the inner edge should not 
be less than  ”” times the diameter of the cable. 

7. In modernizing, when a 2-vvire cable is run from a light to a box 
in which a new switch is to be installed, be .. to mark both 
ends of the vvire so others will know it is. | 
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Extension Cords 


Extension cords are used to reach outlets that are not close 
enough to plug appliances into directly. These cords are made up of 
fine strands of copper, so they will be flexible. Each cord has a 
maximum allovvable current-carrying capacity, Figure 14-1. 
Appliances and povver tools that have grounding plugs should be 
used only vvith 3-vvire grounding type extension cords and plugged 
into 3-hole grounding outlets. 


Ability of Cord to Carry Current (2- or 3-VVire Cord) 


VVire size Normal load Capacity load 
No. 18 5.0 Amp. (600VV) 7 Amp. (840VV) 
No. 16 8.3 Amp. (1000VV) 10 Amp. (1200VV) 
No. 14 12.5 Amp. (1500 VV) 15 Amp. (1800VV) 
No. 12 16.6 Amp. (1900VV) 20 Amp. (2400VV) 


VVire size Use 
Ordinary lamp cord No. 16 or 18 İn residences for lamps or 
small appliances. 
Heavy-duty — with No. 10, 12, İn shops, and outdoors for 
thicker covering 14, or 16 larger motors, lawn movvers, 


outdoor lighting, etc. 


Selecting Length of Cord 


Light load (to 7 amps.) Medium load (7-10 amps.) Heavy load (10-15 amps.) 
To 25 Ft. — Use No. 18 To 25 Ft, — Use No. 16 To 25 Ft. — Use No. 14 
To 50 Ft. — Use No.16 To 50FH.-— Use No. 14 To 50 Ft. — Use No. 12 
To 100 Ft. — Use No. 14 To 100FİH. — Use No. 12 To 100 Ft. — Use No. 10 


Figure 14-1. Selecting the proper type of extension cord for the job at hand. 
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Damaged or frayed cords provide serious fire hazards and 
should be replaced. Exception: A cord that is frayed only at one end 
can sometimes be repaired. Cut the cord to remove the damaged 
portion. Then attach the vvire ends to a new plug. 


Reading Electric Meters 


Electric meters register in kilovvatt-hour units. A kilovvatt-hour is 
1000 vvatts in operation for one hour. 

Figure 14-2 shovvs hovv the four dials look on a typical meter. 
Arrovvs indicate the directions the hands rotate. 


Figure 14-2. Dials of a typical electric meter. The arrovvs indicate the 
direction hands on the dials rotate. 


To take a reading, you must read all four dials of the meter. 
The figures on the dial at the extreme right measure individual 
kilovvatt-hours. Each figure on the second dial from the right shovvs 
10 kilovvatt-hours. Each figure on the third dial from the right 
represents 100 kilovvatt-hours. Each figure on the dial at the left 
represents 1000 kilovvatt-hours. 

To fix these values in your mind, remember that the dial at the 
extreme right is capable of registering 10 kilovvatt-hours. The second 
dial from the right is capable of registering 100 kilovvatt-hours. The 
third dial from the right is capable of registering 1000 kilovvatt-hours. 
The dial at the left vvill register 10,000 kilovvatt-hours. 

İn each case, the last figure passed by the hand, and not the 
nearest, is used in the reading. VVhen the hand seems to be right on 
the number, the dial to the right of the dial being read should be 
consulted to see vvhether or not the number has been passed. 

In reading a meter, always start with the dial on the right and 
remember that the pointer on the right dial must make one complete 
revolution before the indicator on the next dial moves one number. 
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The kilovvatt-hours used in a month are determined by 
subtracting the reading at the start of the month from the end-of-the- 
month reading. Before you can figure the cost of the electrical energy 
used, you must obtain information on rates from the utility company. 
You vvill find that the cost per kilovvatt-hour goes dovvn as you use 
more electricity. ıı “” 


Lightbulbs 


Lightbulbs come in a variety of shapes, sizes, vvattages, and 
types. The tvvo most common types of bulbs found in the home are 
incandescent and fluorescent. 


İncandescent lamps 


Incandescent bulbs, though not as energy efficient as fluorescent 
bulbs, are the most common type found in house lighting. Their lovv 
cost and small size make them convenient. Figure 14-3 shovvs the 
structure of a typical incandescent bulb. 

Three-vvay incandescent bulbs, Figure 14-4, use two filaments to 
provide three different light intensities. 

Figure 14-5 shovvs numerous shapes for incandescent bulbs. They 
all provide different lighting effects. Figure 14-6 shovvs the structure 
of a mercury lightbulb. 

Incandescent bulbs are often used in simple test lights. Figure 14-7 
shovvs a test light you can make yourself. 


Fluorescent lamps 


The fluorescent lamp, Figure 14-8, is usually a long narrow or 
circular glass eylinder, coated on the interior vvith any of several 
types of phosphor (chemical coating that vvill radiate light). Air in the 
tube is replaced with mercury vapor and argon, an inert (chemically 
inactive) gas. At each end of the lamp is an electrode, made of an 
oxide-coated tungsten filament. VVhen heated by an electric current, 
the filament releases a cloud of electrons around each electrode. 

A high voltage electrical surge then establishes an electron arc 
between the electrodes with each-alternatior: of the current. The elec- 
trons collide vvith mercury vapor and argon gas atoms filling the tube 
to produce invisible ultraviolet rays. 

The rays excite the fluorescent phosphor coating the inside of the 
tube to become visible light. 
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Bulb 

Soft glass is generally used. Hard 
glass is used for some lamps to 
withstand higher bulb temperatures 


and for added protection against Gas 

bulb breakage due to moisture. Usually a mixture of nitrogen 

Bulbs are made in various shapes and argon is used in most 

and finishes. lamps 40 watts and over to 
retard evaporation of the 
filament. 


Filament 
The filament material generally 
used is tungsten. The filament 
may be straight vvire, a coil, or a 
coiled-coil, 


Support vvires 
Molybdenum vvires support 


the filament. 
Lead-in vvires 


Made of copper from base to 
stem press and nickel-plated 
copper or nickel from stem 
press to filament, carry the 
current to and from the filament. 


Button 

Glass is heated during 
manufacture and support 
and tie vvires placed in it. 


Button rod 


HESRET Glass rod supports button. 


Molybdenum vvires support 
lead-in vvires. 

Heat deflector 

Used in higher vvattage 
general service lamps and 
other types when needed, 
to reduce circulation of hot 
gases into neck of bulb. 


Stem press 

The lead-in vvires in the glass 
have an air-tight seal here and 
are made of a combination of 

a nickel-iron alloy core and a 
copper sleeve (Dumet vvire) to 
assure about the same coefficient 


of expansion as the glass. Fuse 


Protects the lamp and circuit 
by blovving if the filament arcs. 


Exhaust tube 

Air is exhausted through this 
tube during manufacture and 
inert gases introduced into the 
bulb. The tube, vvhich originally 
prolects beyond the bulb, is 
then sealed off short enough 

to be capped by the base. 


Base 

Typical screvv base is shovvn. 
One lead-in vvire is soldered 

to the center contact and the 
other soldered or vvelded to 
the upper rim of the base shell. 
Made of brass or aluminum. 


Figure 14-3. Typical incandescent lamp bulb. This type produces a high 
lighting level over a relatively long period of time. Longer lasting lamps can 
be produced but the light output is lovver. Additional light is produced at 
the expense of lamp life. Modern incandescent lamps strike a balance 
betvveen light intensity and lamp life. Bulb blackening is the result of depos- 
iting of tungsten particles on inner surface of the bulb. (Sylvania) 
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—— Ring contact 


“— Tip contact 


Figure 14-4. Typical 3-vvay bulbs have tvvo filaments. Each filament can be 
operated separately, or in combination vvith the other. First, the lovv-vvattage 
filament is svvitched on, next the high-vvattage filament, then the tvvo are 
svvitched on together. A special 3-vvay socket vvith tvvo contacts in the base, 
and a 8-vvay switch are required. (General Electric) 


790Q0ÇV 


Cone Straight” Pear Flame Globe Decor Standard Tubular 
Chimney Parabolic Reflector Pear 
reflector straight neck 


Figure 14-5. Incandescent lamp bulb shapes. 


Outer bulb Operating electrodes 
jacket filled with 
inert gas 


startı... Arc tube containing 


Arc discharge stream mercury and argon 


Figure 14-6. Mercury lamp that produces light by passing an alternating 
current through mercury vapor in arc tube. 
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Figure 14-7. Test light for a 120V household circuits contains a neon light. 


. Electrode Inside of glass tube coated 
Contact pins x Glass tube / with fluorescent powder 


Space inside tube filled with 
argon gas and mercury vapor 


Figure 14-8. Construction of a typical fluorescent lamp. 


Unlike incandescent lamps, fluorescent lamps cannot control their 
current consumption. Unless the current is controlled, the lamp burns 
itself out immediately. To avoid this, ballasts (devices that limit current 
to the proper operating value) are wired into the fluorescent circuit. 

Small fluorescent lamps require choke ballasts to limit current 
input to prevent burnout. Large lamps require both a choke coil and 
a transformer. The transformer steps up the voltage and the coil 
limits the current. 

Compact fluorescent bulbs, Figure 14-9, can be screwed into stan- 
dard incandescent bulb outlets. They have become popular for their 
long life and energy efficiency. Although they are considerably more 
expensive than incandescent bulbs, when placed in lamps that are 
used heavily, they recoup their costs quickly. 


Figure 14-9. Fluorescent lamp. 
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Simple Specification Form 


The follovving material is intended as a guide to preparing vviring 
specifications for dvvellings. 

AİII outlets, the locations of wall switches, and the outlet or outlets 
controlled by each switch should be shown clearly on the floor plans 
that must be considered as an essential part of the plans, or contract. 


SPECIFICATIONS FOR ELECTRIC WIRING IN THE DVVELLİNG 
TO BE ERECTED AT FOR 


1. GENERAL 


The installation of electric vviring and equipment shall conform 
vvith local regulations, the National Electrical Code, and the require- 
ments of the local electric service company. All materials shall be new 
and shall be listed by Undervvriters” Laboratories, Incorporated, as 
conforming to its standards, in every case vvhere such a standard has 
been established for the particular type of material in question. 


2. GUARANTEE 
The contractor shall leave his vvork in proper order and, vvithout 
additional charge, replace any work or material that develops 
defects, except from ordinary vvear and tear, vvithin one year from the 
date of the final certificate of approval. 


3. VVIRING METHODS 


Interior vviring shall be . No exposed vviring shall be 
installed except in unfinished portions of basement, utility room, 
garage, attic, and other spaces that may be unfinished. 


4. SERVICE ENTRANCE conductors shall be three No. VVİT€S. 


(Fill in vviring method) 


5. SERVICE-EQUIPMENT shall consist of 


continued on next page 
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6. TWENTY-AMPERE BRANCH CIRCUITS 


At least 20-ampere branch circuits shall be installed to 
supply all lighting outlets and all convenience outlets except those 
that are supplied by appliance branch circuits. The total number of 
outlets shall as nearly as possible be divided equally between these 
circuits. In each living room, library, sunroom, bedroom, and each 
other principal room, the outlets shall be divided between two or 
more branch circuits. One 20-ampere branch circuit shall be installed 
to supply all outlets for laundry requirements. 


7. BEDROOM CIRCUITS 


AlI bedroom outlets shall be protected by an arc-fault circuit 
interrupter. 


8. APPLIANCE BRANCH CIRCUITS 


Two appliance branch circuits shall be installed to supply all 
convenience outlets in the dining room, breakfast room, kitchen, and 
pantry. These circuits shall be so installed that convenience outlets 
served by both circuits will be available in both the kitchen and the 
laundry. 


9. BRANCH CIRCUIT EQUIPMENT shall be 


(Fill in type of equipment) 


10.OUTLETS AND SWITCHES 


Lighting outlets, convenience outlets complete with receptacles, 
and switches shall be installed as shown on the plans. 

Unless otherwise shown on plans, the height of outlets above 
floor shall be approximately: 

Əlicheşsəs s 48 inches 

Convemenieii 777777 18 inches 


11. SPECIAL PURPOSE OUTLETS AND CIRCUITS shall be installed 
as shown on the plans. The circuits shall be: 


Circuits for No. of wires Size 
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A 


Accessible: Easy to get to. An electrical 
outlet is said to be accessible if it can be 
worked on without disturbing the 
finish or construction of a house. 

Accessible, readily: Can be reached 
quickly for operation, renewal, or 
inspection without climbing over 
or removing obstacles or using 
ladders, etc. 

Alternating current: In alternating 
current, the voltage flows in one 
direction one instant, and the other 
direction the next instant. The 
direction of flow reverses continually. 
Each two reversals is called a cycle. 
The number of cycles per second is 
called freguency. In the United States, 
most systems are 60 cycles. 

Ammeter: Instrument used to measure 
the amount of electric current. 

Ampacity: Current-carrying capacity of 
conductor expressed in amperes. 

Ampere: Unit of measure of the flow of 
electricity. Various parts of a wiring 
system — fuses, wall switches, fuse 
boxes, etc. — are rated in amperes. 
Ratings in amperes indicate the 
greatest amount of current with which 
these parts should be used. 

Anti-short bushing: Plastic fitting to be 
installed between wires and sharp 
edges of the armor in armored cabling. 

Appliance, fixed: Appliance fastened or 
otherwise secured at specific location. 

Appliance, portable: Appliance that can 
be easily moved from one place to 
another in normal use. 

Appliance, stationary: An appliance that 
is not easily moved from one place to 
another in normal use. 

Appliance branch circuit: Branch circuit 
for kitchen and dining areas, normally 
20 amperes. 
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Approved: Signifies that minimum 
established standards have been met. 
Arc, electric: Sustained visible discharge 

of electricity across gap in circuit or 
between electrodes. Arcing takes place 
in switches and other make-and-break 
devices when a circuit is opened, and 
at the brushes of a commutator-type 
motor if brush contact is bad. 

Armored cable: A flexible, metallic 
sheathed cable used for interior wiring. 
Commonly called BX. 

Askarel: A general term used for a 
group of nonflammable synthetic chlo- 
rinated hydrocarbons used as electrical 
insulating liquid. 

Atom: Smallest particle that makes up an 
element. The element retains its char- 
acteristics when subdivided into 
atoms. Examples of elements are 
hydrogen, oxygen, and helium. Over 
100 elements have been identified. 

Attachment plug (cap): Device that 
makes an electrical connection 
between the conductors of the attached 
flexible cord and the electrical conduc- 
tors in the receptacle. 

Audible signal system: Signal system 
that depends on sense of hearing to 
attract attention. 

Automatic: Self-acting. Operating by 
own mechanism when actuated by 
some influence. 


B 

Bare conductor: An electrical conductor 
having no insulation or covering of 
any sort. 

Battery: Device that changes chemical 
energy into electrical energy. 

Bonding: A permanent jJoining of 
metallic parts in circuitry that forms 
an electrical path. It ensures electrical 
continuity and is able to conduct safely 
any current likely to be imposed. 
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Bonding yumper: A reliable conductor 
that ensures the required bond or elec- 
trical continuity betvveen metal parts 
that are required to be electrically 
connected. 

Branch circuit: Circuit that supplies a 
number of outlets for lighting or 
appliances. 

Building: A stand-alone structure that is 
cut off from adioining structures by 
fire walls. All openings in the wall are 
protected by fire doors. 

Burrs (conduit): Rough edges of metal 
that result vvhen cutting conduit. These 
must be removed to prevent damage to 
vvire insulation. 

Bus bar: A heavy, solid conductor at the 
main power source to which branch 
circuits are connected. 

BX: Term commonly used to identify 
armored cable. 


G 


Cabinet: A surface or flush-mounted 
enclosure that has a frame mat or trim 
to vvhich a svvinging door or doors can 
be hung. 

Cable, electrical: Conductor that consists 
of two or more insulated vvires 
grouped together in overall covering. 

Candlepovver: Term that expresses 
intensity of a beam of light. 

Circuit: Path of electric current from a 
source (generator), througlrcompo- 
nents (such as electric lights), back to 
the source. 

Circuit breaker: Electromagnetic or 
thermal (heat operated) device that 
opens a circuit when the current in the 
circuit exceeds a predetermined 
amount. Circuit breakers can be reset. 

Circuit breaker, adiustable: A circuit 
breaker that can be set to trip at 
various current values. 

Clockvvise: Moving in same direction as 
hands of a clock. 

Closed circuit: Electrical circuit that 
provides path for the flovv of current. 

Coaxial cable: Povver transmission line 
consisting of tvvo conductors insulated 
from each other. 

Code, National Electrical: Set of rules 
sponsored by National Fire Protection 


Association. Purpose: To safeguard 
persons, buildings, contents, from 
hazards arising from use of electricity. 
Compliance vvill result in installations 
essentially free from hazard, but not 
necessarily efficient or adequate. The 
code is not intended as a manual of 
instruction for untrained persons. 

The National Electrical Code book, vvhich 
is ordinarily revised every three years, 
is available from the National Fire 
Protection Association, Inc. 

Color coding: Identifying conductors by 
color to make sure the hot, or current- 
carrying, vvires vvill be connected to 
hot vvires, and the neutral vvire will 
run in continuous circuits back to the 
ground terminals. 

Common ground connection: Location 
vvhere tvvo or more continuous 
grounded vvires terminate. 

Concealed: Made inaccessible by the 
structure or finish of a building. VVires 
in concealed racevvays are considered 
concealed even though they become 
accessible by pulling them out of the 
racevvay. 

Conductor: Material through which an 
electric current can flovv easily. Copper 
vvire, used in most house vviring, isa 
good conductor. Aluminum is also a 
good conductor, and is frequently used 
in transmission lines. Electrical energy 
is transferred by means of movement 
of free electrons that move from atom 
to atom inside conductor. 

Conductor, bare: Conductor that has no 
covering or insulation. 

Conductor, covered: A conductor 
covered vvith a material not recognized 
as insulation by the code. 

Conductor, insulated: A conductor 
covered with material recognized by 
the code. 

Conduit: Metal or fiber pipe or tube used 
to enclose electrical conductors. 

Conduit body: Separate part of a conduit 
system that gives access through a 
removable cover. 

Connector, solderless: Device that estab- 
lishes connection between two or more 
conductors by means of mechanical 
pressure, without using solder. 
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Continuous duty: Designed to operate at 
a substantially constant load for a long, 
indefinite time. 

Continuous load: A load where the 
maximum current is expected to last 
over three hours. 

Controller: One or more devices that 
govern the electrical power delivered 
to the rotating machine or apparatus to 
which it is attached. 

Convenience outlet: Electrical outlet that 
is part of a general lighting circuit. An 
outlet not intended for use of heavy 
equipment. 

Counterclockwise: Moving ina 
direction opposite to the path followed 
by the hands of a clock. 

Current-limiting overcurrent protective 
device: A device that, when interrupt- 
ing currents in its limit range, will 
reduce the current flowing in the 
faulty circuit to a magnitude much less 
than that which the circuit could carry 
if the device were replaced with a solid 
conductor with the same impedance. 


D 


Device (electrical): Unit or component 
designed to carry but not to consume 
current. Examples—receptacle, switch. 

Direct current: Current that flovvs in 
only one direction. Batteries (storage, 
dry cell) are important sources of 
direct current. 

Disconnecting means: One or more 
devices or other means for disconnect- 
ing the conductors of a circuit from 
their electrical povver source. 

Dry cell: A nonspill type of cell that 


produces electricity by chemical action. 


Dry location: An area that vvill not be 
exposed to moisture. 

Dustproof: Constructed so dust vvill not 
interfere vvith its successful operation. 

Dust tight: Constructed in such a vvay 
that dust cannot enter under specified 
test conditions. 

Duty, continuous: Operation at a sub- 
stantially constant load for an indefi- 
nitely long time. 

Duty, intermittent: Operation for 
alternate intervals of (1) load and no 
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load; or (2) load and rest, or (3) load, no 
İoad, and rest. 

Duty, periodic: Intermittent operation in 
which the load conditions are regularly 
recurrent. 

Duty, short-time: Operation at a substan- 
tially constant load for a short and def- 
initely specified time. 

Duty, varying: Operation at loads, and 
for intervals of time, both of which can 
be subiect to vvide variation. 

Dvvelling: One or more rooms for the 
use of one or more persons as a house- 
keeping unit vvith space for eating, 
living, sleeping, and permanent provi- 
sions for cooking and sanitation. 

Dvvelling, multifamily: A building con- 
taining three or more dvvelling units. 

Dvvelling, one-family: A building con- 
sisting of one dvvelling unit. 

Dvvelling, tvvo-family: A building con- 
sisting of tvvo dvvelling units. 


E 


Electric current: Flow of electrons 
through a conductor. To determine the 
amount of electricity (mumber of 
electrons) flowing through the 
conductor, it is necessary to measure 
the current. The rate of electron flow is 
measurement in amperes. A unit 
quantity of electricity is moved 
through an electric circuit when one 
ampere of current flovvs for one second 
of time. This unit is called a cozlomb. 

Electric service panel: Main panel or 
cabinet through vvhich electricity is 
brought into the building and distrib- 
uted to branch circuits. Contains main 
disconnect svvitch for entire vviring 
system, also circuit breakers or fuses 
for individual circulits. 

Electrolyte: Solution of a substance that 
is capable of conducting electricity. İt 
can be in the form of a liquid or a 
paste. 

Electromagnet: Magnet made by passing 
current through coil of vvire vvound on 
a soft iron core. 

Enclosed: Covered by a case, housing, or 
walls that prevent accidental contact 
with energized parts. 

Enclosure: Case or housing for apparatus 
or the fence around an installation to 
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keep persons from accidentally 
touching energized parts. Also, to 
protect the equipment from physical 
damage. 

Energize: To apply electrical voltage to or 
through. 

Equipment: A general, all-inclusive term 
for material, fittings, devices, appli- 
ances, fixtures, apparatus, etc., used as 
a part of or in connection with an elec- 
trical installation. 

Exposed (applied to house wiring): 
Designed for easy access. 


E 


Feeder: Circuit conductor between 
service equipment or generator svvitch- 
board and branch-circuit overcurrent 
device (fuse or circuit breaker). 

Finger-tight: Tightened vvith the fingers. 

Fish tape (vvire): Flat spring steel vvire 
used to fish (pull) vvires through 
conduit or vvalls. 

Fitting: Accessory such as a bushing, or 
locknut used on vviring system 
intended primarily to perform a 
mechanical rather than electrical 
function. 

Flexible: Something that can be bent 
vvithout breaking. 

Flexible cable or cord: Conductor made 
of a number of strands of vvire of small 
diameter. 

Foot-candle: Measurement of light. 
Amount of illumination vvhen one 
lumen (see lumen) falls on one square 
foot of surface. 

Footlambert: Measurement of light. 
Brightness of a surface that emits or 
reflects one lumen (see lumen) per 
square foot of its surface. 

Fuse: Safety device inserted in series 
vvith a circuit. Contains metal that vvill 
melt or break vvhen current is 
increased beyond specific value for 
definite period of time. 


G 


Ground: Connection betvveen electrical 
circuit or equipment and the earth (or 
to a body that serves in place of the 
earth). 

Grounded: Connected to earth or to 
some conducting body that serves in 
place of the earth. In an electrical 


vviring system, the grounded vvire is 
alvvays vvhite. 

Grounding conductor: Wire, in circuit, 
(green) used as safety measure. During 
normal use of a circuit, the grounding 
vvire is not in use. In an abnormal 
situation, (for example) when a live 
vvire accidentally comes in contact vvith 
the frame of a vvashing machine, 
grounding vvire grounds circuit to 
prevent fire and injury from electrical 
shock. 

Grounding electrode conductor: 

The conductor that connects the 
grounding electrode to the equipment 
grounding conductor and/or the 
source of a separately derived system. 

Ground fault circuit interrupter: A pro- 
tective device that de-energizes a 
circuit or part of it vvithin an 
established time period that is less 
than the time required to operate the 
overcurrent protective device of the 
circuit. 

Guarded: Covered, shielded, fenced, 
enclosed, or protected in some way by 
covers, casings, barriers, rails, screens, 
mats, or platforms to remove the likeli- 
hood of persons or objects coming in 
contact. 


H 


Hazardous locations: Places where fire 
or explosion is possible due to 
flammable gases or vapors, flammable 
liquids, combustible dust, or ignitable 
fibers or flyings. 

Horsepovver: Unit of electrical energy 
equal to 746 vvatts of electrical povver. 

Hot vvires: VVires that carry povver (their 
insulation can be any color except 
vvhite, gray, and green). 

Hydrometer: İnstrument used to 
measure specific gravity of a liquid 
(ratio of vveight of battery electrolyte to 
same volume of water). 


I 


Identified: Possible to recognize as 
suitable for the specific purpose, 
function, use, environment, applica- 
tion, etc., where described in a particu- 
lar code requirement. 
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Insulation: Noncurrent-carrying 
materials used on the outside of wires, 
and in the construction of electrical 
devices. 

Insulator: Nonconductor used to support 
current-carrying conductor. 

Isolated: Object that is not readily acces- 
sible without using special means for 
access. 


Junction box: Box in which conductors 
(vvires) ate joined. 


K 


Kilo: Prefix meaning 1000. 

Knockout: Circular metal die-cut impres- 
sion in outlet and switch boxes, not 
completely severed, that can be 
removed to accommodate wiring. 


L 


Lead-acid battery: Active materials in a 
lead-acid storage battery are lead 
peroxide (used as positive cell) and 
sponge lead (used as negative plate). 
Electrolyte is a mixture of sulfuric acid 
and vvater. 

Light, measuring: Light is measured in 
candlepovver, lumens, foot-candles, and 
footlamberts. 


Quantity Unit 
Intensity of light Candlepovver 
Amount of light Lumen 

Level of light Lumen 


Level of illumination Foot-candle 
Brightness of surface PFoot-candle 

Lighting outlet: Outlet intended for 
direct connection of lamp holder, 
lighting fixture, or pendant cord termi- 
nating in lamp holder. 

Listed: Equipment or material included 
in a list published by an organization 
acceptable to the authority having 
yurisdiction and concerned with 
product evaluation. This organization 
maintains periodic inspection of pro- 
duction of the listed equipment or 
materials. Their listings also states 
either that the equipment or materials 
meet appropriate standards or has to 
be tested and found suitable for use in 
the specified manner. 

Live parts: Electric conductors, buses, 
terminals, or components that are 
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insulated or exposed and a shock 
hazard exists. 

Load, continuous: Situation where 
maximum current is expected to 
continue for three hours or more. 

Lumen: Light measurement that 
indicates amount of light cast upon one 
square foot of the inner surface of a 
hollow sphere of one foot radius with a 
light of one candle in its center. 


M 

Magnet: A substance that has the 
property of magnetism-—the power to 
attract substances such as iron, steel, 
nickel. Magnets can be classified as 
temporary or permanent depending on 
their ability to retain magnetic strength 
after the magnetizing force has been 
removed. 

Magnetize: Converting material into a 
magnet by rearrangement of 
molecules. Providing invisible force 
that causes material to attract steel. 

Mechanically secure: A fastening that is 
rigid and so made that it vvill not come 
loose unless disturbed in unnatural 
manner. 

Meter, construction: Small motor is 
connected so it turns when electricity 
is being used. VVhen only a small 
amount of electricity is used, the motor 
turns slowly; when a large amount is 
used it turns rapidly. The motor turns 
gears that operate small numbered 
dials. 

Meter, electric: Device that measures 
electricity used. 

Milliammeter: An ammeter that 
measures current in thousandths of an 
ampere. 

Molecule: Smallest particle to which a 
substance can be reduced and still be 
identified by the same name. Applies 
to all substances—solids, liquids, and 
gases. 


N 

National Electrical Code: See Code, 
National Electrical. 

Nonconductors: Materials through 
which electric current does not flow. 
Typical examples are glass, porcelain, 
and rubber. 
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Ohm: Term used to indicate amount of 
electrical resistance in a circuit or elec- 
trica] device. Resistance is often placed 
in a circuit to limit the amount of 
current that flows or to produce heat. 

Ohmmeter: Instrument for directly 
measuring resistance in ohms. 

Open circuit: Circuit that does not 
provide complete path for electric 
current to flow. 

Outlet: Point of wiring system at which 
current is obtained to supply current 
consuming fixtures and equipment. 

Overcurrent: Any current that exceeds 
the rated current of equipment or the 
ampacity of a conductor. Overcurrents 
can result in overloads, short-circuits, 
or ground faulits. 

Overcurrent protection: Fuse or circuit 
breaker used to prevent excessive flovv 
or current. 

Overload: Current demand that is 
greater than that for vvhich circuit or 
equipment vvas designed. 


P 


Panelboard: A single panel or group of 
panel units that contain fuses and 
automatic overcurrent devices, vvith or 
vvithout svvitches for the control of 
light, heat, or povver circuits. They are 
designed to be contained inside 


cabinets or cutout boxes that are placed 


in or on a vvall or partition. They are 
accessible only from the front. 


Parallel connection: Electrical connection 


that provides more than one path for 
flow of electricity. 


Polarizing: Identifying vvires throughout 


the system by color to help ensure that 


hot vvires vvill be connected only to hot 


vvires and that neutral vvires vvill run 
in continuous uninterrupted circuits 
back to the ground terminals. 

Plug, attachment: Device that, by 
insertion in receptacle, establishes con- 
nection betvveen conductors of 
attached flexible cord and conductors 
permanently connected to receptacle. 

Polarity: A—Identification of voltage, 
negative or positive. B—Property of an 
electrical circuit to have positive and 
negative poles. 


Power: Power, whether electrical or 


mechanical, pertains to rate at which 
work is being done. Work is done when 
a force causes motion. The basic unit of 
electrical power measurement is the 
watt. 


Power outlet: An enclosed assembly that 


can include receptacles, circuit 
breakers, fuseholders, fused switches, 
fuses, and watt-hour meter mounting 
means. It is intended to supply and 
control electric power to mobile homes, 
RVs, and boats. Such an outlet can be 
used to supply power to temporarily 
installed equipment. 


Premises vviring: Interior and exterior 


wiring including power, lighting, 
control, and signal circuit wiring 
together with all of its hardware, 
fittings, and devices that extend from 
the load end of the service drop, or 
load end of the service laterals, or 
source of a separately derived system 
to the outlet(s). Not included is internal 
wiring of appliances, fixtures, motors, 
controllers, motor control centers, and 
similar equipment. 


Qualified person: Person who is thor- 


oughly familiar with construction and 
operation of apparatus and hazards 
involved. 


Raceway: Channel that holds electrical 


conductors (wires, cables, and bars). 


Rainproof: Constructed, protected, or 


treated so that rain cannot interfere 
with the successful operation of the 
apparatus under specified test 
conditions. 


Receptacle: Contact device installed at an 


outlet for connection of a single attach- 
ment plug. 


Receptacle outlet: Outlet where one or 


more receptacles are installed. 


Rectifier: Device used to change alternat- 


ing current to unidirectional (one 
direction) current. 


Remote control circuit: Electrical circuit 


that controls another circuit through a 
relay or equivalent device. 
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Resistance, electrical: Quality of an 
electric circuit measured in ohms that 
resists the flow of current. All electrical 
conductors offer some resistance to 
flow of electric current. Conductors 
such as copper, silver, and aluminum 
offer but little resistance. Examples of 
poor conductors (insulators) are glass, 
wood, and paper. 

Rheostat: Resistor that provides various 
amounts of resistance. Usually 
installed in series with load. 

Romex: Nonmertallic sheathed cable used 
for indoor vviring. 

Rotor: Portion of alternating current 
machine that turns or rotates. 


S 


Screw terminal: Means for connecting, 
vviring to devices, vvhich makes use of 
a threaded screw. 

Series cable: Service conductors that 
have been made up in the form of 
a cable. 

Series connection: Electrical connection 
vvhere there is but a single path for 
electricity to flovv. 

Series vvound: Motor or generator in 
vvhich armature is vvired in series vvith 
field vvinding: 

Service conductors: Conductors that 
extend from street main or from a 
transformer to service equipment or 
premises being supplied vvith electrical 
service. 

Service drop: Overhead service conduc- 
tors from the last pole or other aerial 
support to (and including) the splices 
connecting to the service entrance con- 
ductors at the building or other 
structure. 

Service equipment: Equipment located 
near the entrance of supply conductors 
that provide main control and means 
of cutoff (fuses or circuit breaker) for 
current supply to building. 

Service lateral: Underground service 
conductors between the street main, 
including any risers at a pole or other 
structure or from transformers, and the 
first point of connection to the service 
entrance conductors in a terminal box 
or meter or other enclosure vvith 
adequate space, inside or outside the 
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building vvall. If there is no terminal 
box, meter, or other enclosure vvith 
adequate space, the point of connection 
is considered to be the point of 
entrance of the service conductors into 
the building. 

Short circuit: Improper connection 
betvveen hot vvires, or betvveen a hot 
wire and a neutral vvire. 

Skinning (vvire): Removing insulation. 

Solar voltaic system: All of the compo- 
nents and subsystems that, combined, 
convert solar energy into electrical 
energy suitable for connection to a 
load. 

Solenoid: Electromagnetic coil that 
contains movable plunger. 

Specific gravity: Ratio of the vveight of a 
certain volume of liquid to the vveight 
of same volume of water. Specific 
gravity of pure vvater is 1.000. Sulfuric 
acid used in storage batteries has a 
specific gravity of 1.830, thus sulfuric 
acid is 1.830 times as heavy as vvater. 
Specific gravity of a mixture of sulfuric 
acid and vvater can vary vvith the 
strength of the solution from 1.000 to 
1.830. VVhen a storage battery is dis- 
charged, the sulfuric is depleted and 
the electrolyte gradually changes into 
vvater. This action provides a guide in 
determining the state of discharge of a 
lead-acid battery. Specific gravity of 
battery electrolyte is measured vvith a 
hydrometer. 

Specifications: Detailed descriptions 
that indicate manner of installation, 
standards of materials, quality of 
Work, etc. 

Splice: Connection made by connecting 
two or more vvires. 

Stator: Fixed portion of vvindings of 
ac machine. 

Stranded vvire or cable: Quantity of 
small conductor vvires tvvisted or 
othervvise held together to form single 
conductor. 

Switch, bypass isolation: A manually 
operated device used in conjunction 
vvith a transfer svvitch to provide a 
means of directly connecting load con- 
ductors to a povver source, and of dis- 
connecting the transfer svvitch. 
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Switch, general-use: A switch intended 
for use in general distribution and 
branch circuits. It is rated in amperes, 
and it is capable of interrupting its 
rated current at its rated voltage. 

Switch, general-use snap: A form of gen- 
eral-use svvitch constructed so it can be 
installed in device boxes or on box 
covers, or otherwise used in con/unc- 
tion vvith vviring systems recognized 
by the code. 

Svvitch, isolating: A svvitch intended for 
isolating an electric circuit from the 
source of povver. İt has no interrupting 
rating, and it is intended to be operated 
only after the circuit has been opened 
by some other means. 

Switch, motor-circuit: A switch, rated in 
horsepovver, capable of interrupting the 
maximum operating overload current 
of a motor of the same horsepovver 
rating as the svvitch at the rated 
voltage. 

Svvitch, transfer: An automatic or nonau- 
tomatic device for transferring one or 
more İoad conductor connections from 
one povver source to another. 

Symbols (electrical): Arrangement of 
lines, letters, etc., used on plans to 
shovv vvhere vviring circuits, svvitches, 
outlets, etc., are to be installed. 

System (electrical): Electrical installation 
that is complete and will serve the 
purpose for which it is intended. 


T 


Tachometer: Instrument that indicates 
revolutions per minute. 

Thermal cutout: Temperature controlled 
fuse that opens the circuit that powers 
a device when the temperature of that 
device rises to a high. Some thermal 
cutouts can be reset. 

Three-vvay switch: Type of switch. Two 
3-way switches are required to control 
a light from two different locations. 

Torque: Turning effort or twist that a 
shaft provides when transmitting 
power. 

Transformer: Device composed of two or 
more coils, linked only by magnetic 
lines of force, used to transfer energy 
from one circuit to another. 


Transmission lines: Conductor or system 
of conductors used to carry electrical 
energy from source to load. 

Tubing: Small pipe. 


U 

Undervvriters label: İnsurance 
companies, manufacturers, and other 
interested parties support testing labs 
under Undervvriters” Laboratories. 
Manufacturers submit products to be 
tested for safety. Products that meet 
safety standards can use Undervvriters 
label of approval vvhen placed on the 
market. 


V 


Volt: Unit used to measure electrical 
pressure (corresponds to pounds of 
pressure in a water system). 

Voltage: A measure of electrical pressure 
between two wires of electrical circuit. 

Voltage drop: Loss of electrical current 
caused by overloading wires, or by 
using excessive spans of undersize 
wire. Two indications of voltage drop 
are dimminə of lights and slowing 
down of motors. 

Voltage to ground: For grounded 
circuits, this is the voltage between the 
given conductor and that point or 
conductor of the circuit that is 
grounded. For underground circuits, it 
is the greatest voltage betvveen the 
given conductor and any other 
conductor of the circuit. 

Voltmeter: Instrument used to measure 
the electrical pressure, or voltage, of a 
circuit. 


Ww 


Watt: Unit of measure of electric power. 
(Volts times amperes equals watts of 
electrical energy used.) One watt used 
for one hour is one watt hour; 1000 
watt hours equal one kilowatt hour, 
unit by which electricity is metered 
and sold. 

Wattmeter: Instrument used to measure 
electrical power in watts. 

Wire: Electrical conductor in the form of 
a slender rod. 

Wiring diagram (electrical): Drawing 
in the form of symbols that show 
conductors. 
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Answers to 


Review 
Questions 


Unit1 


500000 Sa ba 22 Sp 
° O o9Q p n Q. r S. p: 


Unit 2 


. noncurrent. 
. larger, 
12, 14 
black, white 
black, vvhite, red 
True. 
a. Nonmetallic sheathed 
cable. 
b. Flexible armored cable. 
8. a. Lamp cords. 
b. Heater cords. 
c. Povver or service cords. 
0. d. 
10. Undervvriters” Laboratories 


Unit 3 


. conduit 

. water pipe 
connectors 

. Oil, water 
BX 

in-vvall, 
number, size 


s SU L 52 S 


Nemo s> 
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True. 

a. Square. 

b. Octagon. 

c. Rectangular. 
d. Circular. 


. knockouts. 


three, tvvo 
four, three 


. mechanical parts 


False. 

3-way. 

a. Wall outlets. 

b. Fluorescent lights. 

c. Appliances. 

d. Motor-driven equipment. 


Unit 6 


e u F 5 2 P= 


Ç: 
d. 
a. 
E 
e 


b. 


Unit 7 


A. 
B. 


Extension rule. 
Auger bit. 
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House Wiring Simplified 


Lineman:s pliers. 
Soldering gun. 
Multipurpose tool. 
Conduit bender. 
Push-pull tape rule. 
Stubb or close quarter 
screvvdriver. 
Keyhole savv. 
Fish tape. 
Curved jaw pliers. 
Test light. 


Unit 8 


ə ə o 


False. 
True. 
False. 
False. 
True. 
False. 
True. 


Unit 9 


E 


5 
6 
Z. 
8 
9 


120, 240 
two 


. True. 
. a. main switch. 


b. circuit breaker. 
c. fuse. 


. 100 
. amperage 


kitchen, dining area, laundry 


. two 
- amperage rating 


Unit 10 


r 
2: 
ex 


codes 
covering 
True. 


S yx QO M (ep (Sr) (> 


. shock 


hacksaw, metal-cutting shears 


. Bushings 


True. 


. hacksavv, threadless 
. Palse. 
10. 


vvater pipe 


Unit 11 


r 
00 OM OY m əmim 


, Color 


False. 
conductor 
240 

brass, silver 
False. 


. metal boxes 


ta 
d. 


. overloads, short 
. overload 


. proper 


Unit 12 


No questions. 


Unit 13 


j. 
2. 


NN gi = gö 


False. 

a. armored (BX) cable. 

b. plastic cable. 

c. nonmetallic sheathed cable. 


. hot, grounded, overloaded 


Grounding type. 


. template 


five 
hot 


Unit 14 


No questions. 
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Index 


A 


Alternating current (ac), 10 
Aluminum rigid conduit, 22—23 
American wire gage, 11 

Amperes (A), 8 

Answers, 191—192 

Anti-short bushing, 70-71 

Appliance circuits, 62 

Arc-fault circuit interrupters (AFCIs), 77 
Armored cable, installing, 68-71 

Attic floorboards, lifting, 130-131, 133 
Auxiliary systems, 63 


B 
Back-to-back outlets, 122-124 
Bell vvire, 112 
Boxes, 
construction, 27—28 
covers or plates, 27-32 
installing, 84-86 
Branch circuits, 59-60, 62-63, 65 
Break-off fin, 41 
BX cable, 13, 71, 88, 97, 119, 124, 126-127 
BX cutter, 53, 69 


C 
Cable, 12-14, 126 
metallic armored, 13 
nonmetallic, 67 
running around door, 126 
three-vvire, 13 
tvvo-vvire nonmetallic sheathed, 13 
tvvo-vvire sheathed, 13 
insulation, 14 
Canopy svvitch, 35, 103 
Ceiling light, 131 
Circuits, 8, 80, 97-117 
three-vvire, 80 
parallel, 110 
series, 110 
Circuit breaker, 
and fuses, 90-96 
panel box, 90, 92 
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Codes, 
checking, 119-120 
compliance, 18 
installation, 18 
National Electrical, 119 
UL approved, 18 
Color coding or polarizing, 79-80 
Conductors, 11-20 
compliance vvith codes, 18 
cords, 15-17 
maximum number to be used, 121 
nonmetallic and armored cable, 13-14 
properties of copper, 12 
single vvire, 12 
vvire size and color, 11-12 
Conduit, 
aluminum rigid, 22-23 
and racevvays, 21-26 
rigid plastic, 24 
rigid steel, 21 
thinvvall steel, 21-22, 72-75 
Copper conductors, 12 
Cords, 
heater, 15-16 
lamp, 15 
povver or service, 16 
special-purpose, 16-17 
coaxial, 17 
intercom, 17 
range vvire, 17 
stranded speaker, 17 
thermostat, 17 
vacuum cleaner, 17 
type Sİ, 16 
Current, 7 


D 

Dictionary, 181-190 

Direct current (dc), 9 

Doorbell system, 113-117 
bell and door opener circuit, 116 
eight-note chime, 117 
three stations, 115 
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two-note chime (NuTone), 116 
Drilling equipment, 48-49 


E 
Electric meters, reading, 140-141 
Electrical circuit, 8-9 
Electrical symbols, 60, 63 
Electrical systems, 
check codes, 119—120 
fishing cable through vvall, 127-130 
installing nevv outlets, 120-126 
installing wall switch, 126-127 
lifting attic floorboards, 130-131, 133 
modernizing, 119-138 
outdoor vviring, 134-137 
running cable, 126 
surface vviring, 131-134 
Entrance panel, 93 
Extension cords, 139-140 


F 

Files, 53 

Fish tape, using, 89 

Fish vvire or tape, 50-51 

Fishing cable, 127-130, 132 

Fixtures, 86-88 

Fixture cords, 15 

Flashlights, 53 

Flexible armored cable, 13 

Flexible steel conduit, 23-24 

Floor plan, residential, 64 

Fluorescent lamps, 141-145 

Four-vvay svvitches, 37 

Frequency, 10 

Fuse pullers, 53 

Fuses, 90-96 
cartridge-type, 94 
plug-type, 93 

Fustat, 94—95 


G 


Ganging metal boxes, 87 
General purpose circuits, 62 
Greenfteld sizes and vveights, 24 
Ground clip, 68, 122 
Ground-fault circuit interrupters 
(GFCIs), 77 
Grounded receptacle, 76 
Grounding outlets, 139 


Grounding system, protective, 76-77 
Grounding terminal, 41 


H 

Hammers, 50, 52 

Heater cord, 15-16 

Heating cable, 137 

Hertz (Hz), 10 

Hickey, 86 

Hookups, electric range or dryer, 65 
Hot povver-carrying vvire, 79 

Hot vvire, 59 

House vviring circuits, 97—118 


I 

Incandescent lamps, 141-143 
construction, 142 
shapes, 143 

İndividual circuits, 63 


) 


Jumper vvire, 80 


K 

Kilovvatt (kVV), 8 
Kilovvatt hour (kVVh), 8 
Kilovvatt-hour unit, 140 
Knife-type svvitch, 9 
Knockouts, 27 


L 
Lightbulbs, 141-145 
Lovv-voltage lighting equipment, 135 


M 
Main breaker, 90 
Measuring tools, 50, 52 
extension rule, 52 
push-pull rule, 52 
steel tape, 52 
Mercury lamp, 144 
Metal conduit, 72-75 
Modernizing electrical systems, 119-138 
Multipurpose tool, 50 


N 
National Electric Code (NEC), 14, 18, 79, 
HƏ 
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Neutral grounded vvire, 79 

New work, 119 

No-shock type outlet, 42 

Nonmetallic and armored cable, 13-14 
Nonmetallic sheathed cable, 13 


O 

Ohm:s law, 8 

Old vvork, 119 

Outdoor lighting, 118 

Outdoor vviring, 134-137 
heating cable, 137 
installing outlets and light, 136 
lovv voltage equipment, 135 
vvinter roof drainage, 135-137 

Outlet receptacles, 41-46 

Outlets, 63, 120-126 
back-to-back, 122-124 
basement light to first floor, 126 
convenience, 63 
from wall stitch, 124-126 
general, 63 
installing nevv, 120-126 
preparing wall, 124 
switch, 63 


P 


Panels, circuits and conduit, 63 
Parallel circuits, 110 

Pigtail splice, 83 

[ipe 

Plates, 29—31 

Pliers, 47 

Polarizing, 79 

Polyethylene fish tape, 52 
Polyvinyl chloride compound (PVC), 24 
Power-actuated stud drivers, 53 
Power, 8 

Power cord, 16 


R 
Raceways, 24 
Range hookup, 65 
Reamer, 72 
Receptacles, 41—45 
Remote-control, low-voltage 
switching system, 117 
Resistance, 8 
Rigid conduit, 
(chart), 22 
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plastic, 24 
steel, 21 
Romex, 97 


S 
Safety, 55-58 
freeing a victim, 55-56 
safety cap, 45 
shock effects, 55 
suggestions, 56-57 
Safety valves, 90 
Savving and cutting tools, 49-50 
Screvvdrivers, 48 
Series circuits, 110 
Service cord, 16 
Service entrance, 59 
Service requirements, 59-66 
branch circuits, 60, 62-63, 65 
building code example, 65 
electrical symbols, 60 
service entrance ratings, 59-60 
Sheathed nonmetallic cable, 67-68 
Shock effects, 55 
Single-pole switches, 33-35 
SkillsUSA, 20 
Soldering equipment, 50-51 
Solderless connectors, 81-82 
Specification form, 146-147 
Split-circuit vviring, 62, 109 
Surface racevvays, 24-25 
Surface vviring, 131-134 


Svvitches, 
add, 97 
canopy, 36, 103 
dimmer, 37, 39 


delayed-action, 35 

feed through, 36 
four-vvay, 37-38 
individual, 104 

installing, 100-101 

knife type, 9 

master, 111 

push-button, 113 
quiet-type, 34 

single-pole svvitches, 33-35 
three-vvay, 35-37, 105-108 
wall, 98-99, 126-127 
vvireless light svvitch, 40 


160 House Wiring Simplified 


T 

Tap splice, 83 

Taps and dies for threading, 53 
Template, 123 

Three-vvire circuit, 80 

Tools, 47-54 

Transformer-operated signal system, 112 


U 
UF Direct Burial, 135 
Undervvriters Laboratories (UL), 18 


V 
Volts (V), 7 


Ww 
Watt (W), 8 
Wattages, appliances (chart), 62 
Weatherproof receptacles, 44 
Wire and cable insulation, types, 14 
Wire size and color, 11—12 
VVires to terminals, 
connecting, 81-84 
connections requiring soldering, 
83-84 
using solderless connectors, 81-82 
VViring procedures, 
basic, 79-96 
circuit breakers and fuses, 90-96 
color coding or polarizing, 79-80 
connecting vvires to terminals, 
81-84 
installing boxes, 84-86 
mounting fixtures, 86—88 
pulling vvire into conduit, 88-90 
three-vvire circuit, 80 
Wiring systems, 67-78 
ground fault circuit interrupters, 77 
installing armored cable, 68-71 
installing metal conduit, 72-75 
protective grounding system, 76-77 
sheathed nonmetallic cable, 67-68 
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Features 


Based on the 2014 National Electrical Code°. 

Teaches students the fundamentals of modern house wiring, 
with clear text, full-color photographs, and easy to-follow 
drawings. 

Color-coded diagrams aid in understanding various types of 
circuits. 
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circuits, telephone wiring, and electrical careers. 
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knowledge of design, installation, troubleshooting, and 
maintenance of commercial wiring systems. 


Modern Carpentry. Covers all aspects of light frame 
construction, from site preparation through exterior finishing. 


Modern Plumbing. Provides basic information about 
safety, tools, materials, equipment, procedures, and career 
opportunities in the plumbing field. 


Modern Masonry. Presents construction details and 
procedures for all important aspects of the masonry trade. 
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visit our website at www.g-w.com. 
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